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AN EXPERIMENTAL STUDY OF FLOW AND PRESSURE 

I:N ROD BUNDLE SUBCHANNELS CONTAINING BLOCKAGES 

D. S .  Rowe 
C. L. Nheeler  
D. E. Fitzsimmons 

1.0  INTRODUCTION 

The o b j e c t i v e  o f  t h i s  r e p o r t  i s  t o  p resen t  measurements o f  a x i a l  v e l o c i t y ,  

- .  t u r b u l e n c e  i n t e n s i t y  and p ressure  d i s t r i b u t i o n  i n  a  s imp le  r o d  bund le  model 

r )  c o n t a i n i n g  p a r t i a l  f l o w  blockages. Th is  i n f o r m a t i o n  has been ob ta ined  t o  

improve t h e  unders tand ing  o f  f l o w  i n  p a r t i a l l y  b locked r o d  bundles and t o  
- e 

h e l p  v e r i f y  t h e  use o f  t h e  COBRA co~nputer  program f o r  f l o w  b lockage a n a l y s i s .  

Recent ly ,  t h e  subchannel a n a l y s i s  computer program COBRA-I11 was modi- 

f i e d  t o  pe r fo rm f l o w  d i s t r i b u t i o n  a n a l y s i s  i n  r o d  bundles c o n t a i n i n g  

" r e s i s t a n c e "  t y p e  f l o w  blockage. The p r i m a r y  m o d i f i c a t i o n s ,  now con ta ined  

i n  t h e  COBRA-I I I C  computer program,(1 ) were a  more complete t r a n s v e r s e  

momentum e q u a t i o n  and improved numer ica l  methods t o  a l l o w  c a l c u l a t i o n s  w i t h  

r a t h e r  severe " r e s i s t a n c e - t y p e "  blockages. The devel  opment o f  t h i s  capa- 

i l i t y  has r e l i e d  h e a v i l y  upon assumptions concern ing  t h e  i n c l u s i o n  o f  b l o c k -  

ages because o f  t h e  l a c k  o f  a p p l i c a b l e  exper imenta l  da ta .  

I t was t h e  i n t e n t  o f  t h e  p resen t  exper imenta l  s t u d y  t o  e v a l u a t e  t h e  

b a s i c  assumptions and s u i t a b i l i t y  o f  t h e  numer ica l  model f o r  f l o w  b lockage 

a n a l y s i s .  I t  was a l s o  t h e  i n t e n t  o f  t h i s  s t u d y  t o  p r o v i d e  some b a s i c  

i n f o r m a t i o n  concern ing  t h e  f l o w  s t r u c t u r e  i n  p a r t i a l l y  b locked r o d  bundle 

channels.  A l though  t h e  p r e s e n t  s t u d y  i s  n o t  concerned w i t h  heat  t r a n s f e r ,  

t h e  i n f o r m a t i o n  developed c o u l d  u l t i m a t e l y  be used t o  improve t h e  under- 

s t a n d i n g  o f  hea t  t r a n s f e r  i n  b locked  bundles.  



2.0 SUMMARY 

Loca l  f l o w  v e l o c i t y  and t u r b u l e n c e  i n t e n s i t y  d i s t r i b u t i o n s  were mea- 

su red  i n  t h e  subchannels o f  a  s i m p l e  r o d  bund le  f low model. The e x p e r i -  

ments were per formed i n  wa te r  w i t h  a  nominal  Reynolds number o f  105,000. 

Subchannel b lockages up t o  a p ~ r o x i m a t e l y  90% area r e d u c t i o n  were cons ide red  

t o  be o f  t h e  " s w e l l i n g "  and  l late" t y p e .  The e x t e n t  o f  b lockage was a l s o  

cons ide red  by v a r y i n g  t h e  number o f  b l o c k e d  subchannels.  V e l o c i t y  and 

t u r b u l e n c e  measurements were per formed b o t h  upstream and downstream o f  t h e  

b lockage w i t h  a  l a s e r - D o ~ n l e r  v e l o c i m e t e r .  

The e x ~ e r i m e n t a l  r e s u l t s  show t h a t  t h e  i n t r o d u c t i o n  o f  a  f l o w  b lockage 

causes a  s i g n i f i c a n t  r e d i s t r i b u t i o n  o f  f l o w .  The f l o w  r e d u c t i o n  beh ind  t h e  

b lockage p e r s i s t s  w e l l  downstream; however, t h e  f l o w  r e d u c t i o n  i s  f e l t  o n l y  

a  s h o r t  d i s t a n c e  upst ream f r o m  t h e  b lockage.  The t u r b u l e n c e  i n t e n s i t y  i n  

t h e  wake i s  v e r y  h i g h  and i s  l i m i t e d  t o  those  subchannels e x p e r i e n c i n g  t h e  

b lockage .  There i s  v e r y  l i t t l e  ev idence o f  t h e  t u r b u l e n t  wake b e i n g  mixed 

i n t o  a d j a c e n t  unb locked subchannels.  The p l a t e  b lockage d e f i n i t e l y  causes 

a  l a r g e r  f l o w  r e d u c t i o n ,  h i g h e r  i n t e n s i t y ,  and a  more p e r s i s t e n t  wake t h a n  

t h e  s l e e v e  b lockage.  

The e x p e r i m e n t a l  da ta  were ana lyzed i n  c o n s i d e r a b l e  d e t a i l  t o  e v a l u a t e  

t h e  s u i t a b i l i t y  o f  t h e  COBRA-IIIC program f o r  p r e d i c t i n g  t h e  f l o w  d i s t r i b u -  

t i o n  i n  bund les  c o n t a i n i n g  b lockages.  To oe r fo rm t h i s  a n a l y s i s  i t  was 

necessary  t o  m o d i f y  t h e  numer i ca l  d i f f e r e n c i n g  scheme i n  COBRA t o  a1 l o w  f o r  

a  l a r g e  subchannel area r e d u c t i o n  and t o  a l l o w  f o r  t h e  p o s s i b i l i t y  o f  f l o w  

r e v e r s a l .  I t  was a l s o  necessary t o  e s t i m a t e  t h e  subchannel average v e l o c i t y  

f r o m  t h e  exper imen ta l  da ta  b y  u s i n g  a  numer i ca l  scheme t o  i n t e g r a t e  t h e  

v e l o c i t y  f i e l d .  The parameters o f  t h e  mathemat ica l  model were e v a l u a t e d  

and s e l e c t e d  t o  o b t a i n  b e s t  agreement w i t h  t h e  d a t a .  The compar isons 

between t h e  c a l c u l a t e c i  and t h e  exper imen ta l  va lues  o f  subchannel f l o w  and 

p r e s s u r e  were found t o  be e x c e l l e n t .  



3.0 EXPERLMENTAL P ROGRAIY 

Local  f l o w  v e l o c i t y  and t u r b u l e n c e  i n t e n s i t y  d i s t r i b u t i o n  were measured 

i n  t h e  subchannels of a  s i m p l e  r o d  bundle  f l o w  model. The exper iments were 

performed i n  wa te r  w i t h  a  nominal Reynolds number o f  105,000. Subchannel 

b lockages up t o  approx imate ly  90% area r e d u c t i o n  were cons idered t o  be o f  

t h e  " s w e l l i n g "  and " p l a t e "  t ype .  The e x t e n t  o f  b lockage was a l s o  cons idered 

by v a r y i n g  t h e  number o f  b l  ocked subchannels. V e l o c i t y  and t u r b u l  ence 

measurements were performed b o t h  upstream and downstream o f  t h e  b lockage 

w i t h  a  laser-Doppl  e r  v e l  oc imete r .  

DESCRIPTION OF TEST SECTION 

F igure  3 .1  shows a  v iew o f  the  t e s t  s e c t i o n  used f o r  t h e  exper imenta l  

program. Flow entered t h e  bot tom o f  t h e  f l o w  housing, f l owed  v e r t i c a l l y  up 

through t h e  t e s t  s e c t i o n ,  emerged a t  t h e  t o p  o f  t h e  f l o w  housing, and r e t u r n e d  

t o  t h e  f l o w  loop .  Rubber expansion be l lows  were used t o  h e l p  i s o l a t e  t h e  

f l o w  hous ing f rom t h e  normal v i b r a t i o n s  o f  t h e  f l o w  loop .  

F i g u r e  3.2 shows a  c r o s s - s e c t i o n  v iew o f  t h e  t e s t  s e c t i o n  c o n s t r u c t i o n .  

I t  c o n s i s t e d  o f  a  f r o n t  and back p l a t e  and f l o w  housing body. The back 

p l a t e  con ta ined  t h e  i n l e t  and o u t l e t  nozz les  and was permanent ly i n s t a l  1  ed 

i n  t h e  f l o w  f a c i l i t y .  The f r o n t  p l a t e  was b o l t e d  t o  t h e  back p l a t e  w i t h  

t h e  f l o w  housing body p laced between them. A cont inuous "O- r ing"  sea led  

t h e  j o i n t  between t h e  p l a t e s  and t h e  f l o w  hous ing body. Dimensions o f  t h e  

t e s t  s e c t i o n  (4.00 x  1.25 i n . )  were ma in ta ined  by t h e  r e s t r a i n i n g  shoulder  

n e x t  t o  t h e  "O- r ing"  groove on t h e  f r o n t  and back p l a t e s .  

The f r o n t  and back p l a t e  each con ta ined  5  window p o r t s  2  inches h i g h  

by 4  inches wide l o c a t e d  a t  1  f o o t  i n t e r v a l s  f o r  en t rance  and e x i t  o f  t h e  

l a s e r  beam. O p t i c a l l y  f l a t  (114) v iew windows were f a b r i c a t e d  f rom q u a r t z .  

Each window was sea led by an "O- r ing"  and was h e l d  i n  p l a c e  b y  a  t h i c k  

cover  p l a t e .  A shim was p laced  between t h e  window and cover  p l a t e  t o  make 

t h e  window " f l u s h "  w i t h  t h e  i n n e r  s u r f a c e  of t h e  f l o w  hous ing (+0.001 - i n . ) .  

An 8 i n .  l o n g  f l o w  s t r a i g h t e n i n g  s e c t i o n  was p laced  a t  t h e  i n l e t  o f  

t h e  f l o w  channel . I t  c o n s i s t e d  o f  f o u r  e c c e n t r i c  screens (60% open) w i t h  

1 /4  i n .  ho les  i n  a  t r i a n g u l a r  a r r a y  f o l l o w e d  by a  bank o f  1/4 i n .  0.020 i n .  
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t h i c k  w a l l  tubes 3-1/4 i n .  long.  The screens tended t o  equa l i ze  t h e  i n l e t  

v e l o c i t y  d i s t r i b u t i o n  and t h e  tubes helped t o  e s t a b l i s h  a  f i x e d  s c a l e  o f  

tu rbu lence  and s t r a i g h t e n  t he  f l o w .  The i n l e t  ends o f  t h e  r o d  sec to r s  had 

a  60" t ape r  t o  min imize t h e  f l o w  d is tu rbance  due t o  f l o w  area change upon 

e n t e r i n g  t h e  rod  sec t i on .  

Pressure taps 1/32 i n .  d iameter were d r i l l e d  i n t o  t h e  back p l a t e  two 

inches below the t h ree  upper window po r t s  t o  a l l o w  measurement o f  pressure 

d i f f e rences  over  a  1  f t  a x i a l  l e n g t h  and between t h e  two adjacent  i n t e r n a l  

subchannels as shown i n  F igu re  3.3. The blockages were l oca ted  on t h e  

l e f t  s i d e  o f  t h e  t e s t  sec t i on .  

S i x  h a l f - r o d  i n s e r t s  were used t o  form t h e  f l o w  channel model. These 

i n s e r t s  were screwed t o  t he  f r o n t  and back p l a t e s  p r i o r  t o  i n s t a l l i n g  t he  

f l o w  housing body and f r o n t  p l a t e .  Four o f  t he  h a l f - r o d  i n s e r t s  con ta ined  

smal l  g lass i n s e r t s  a t  t h e  4 t h  and 5 t h  window e leva t i ons  so t h a t  t h e  l a s e r  

beam cou ld  pass through t he  rods. These i n s e r t s  and t he  rods had 118 i n .  

wide f l a t s  t o  e l  im ina te  d i s t o r t i o n  o f  t h e  l a s e r  beam. A l l  r od  i n s e r t s  were 

1 i n .  d iameter  and were made f rom s t a i n l e s s  s t e e l .  

Blockages were p laced i n t o  t he  f l o w  channel by us ing  t he  i n s e r t s  shown 

i n  F igu re  3.4. The i n s e r t  dimension f o r  t he  s w e l l i n g  blockage i s  f o r  a  

nominal 90% area r e d u c t i o n  based upon a  u n i f o r m  s w e l l i n g  o f  f o u r  ad jacen t  

rods.  The p l a t e  was designed t o  p rov ide  a  "sharp-edge" o r i f i c e  w i t h  an 

open area equal t o  t he  e q u i v a l e n t  s w e l l i n g  blockage. The i n s e r t s  were 

p laced i n  t h e  t e s t  s e c t i o n  t o  form t h e  blockage c o n f i g u r a t i o n s  shown i n  

F igu re  3.5. The subchannel blockage f r a c t i o n s  f o r  each o f  these con f i gu ra -  

t i o n s  i s  g i ven  i n  Table 3.1. Each of these c o n f i g u r a t i o n s  were p laced  a t  

se lec ted  l e v e l s  w i t h i n  t he  t e s t  s e c t i o n  t o  vary  t he  d i s tance  f rom t h e  

b lockage t o  t h e  f i x e d  measurement planes a t  t h e  windows. Table 3.2 sun- 

marizes t he  b lockage placement f o r  measurement planes considered. 

3.2 LASER-DOPPLER VELOCIMETER 

A two-component laser -Dopp le r  ve loc imeter  manufactured by Laser Systems 

and E l e c t r o n i c s  was used t o  per form measurements o f  t u r b u l e n t  v e l o c i t i e s .  

A d e t a i l e d  d e s c r i p t i o n  o f  t h i s  system i s  p resen t  i n  Reference 2. 
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TABLE 3.1. Subchannel Blockage Des igna t ion  

C o n f i g u r a t i o n  Type Subchannel Reduct ion F r a c t i o n  

A 0 C D A B C D 

I S l  eeve 0.23 0.90 0.46 1.0 

S 1 eeve 0.23 0.46 1.  1 .  

P l a t e  



TABLE 3.2. A x i a l  Loca t i on  o f  Blockage and IYeasurement Planes 

Measurement 
Plane, 

i n .  W i  ndow 

3 

3 

3 

4 

4 

4 

5 

5 

5 

S t a t i o n  

3 

2 

1 

3 

2 

1 

3 

2 

1 

Blockage 
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From I n l e t  

FLOW CHANNEL 

Blockage 
X I D  from 

I n l e t  

6 0 

5 1 

46 

6 0 

5 1 

46 

60 

5 1 

46 

MEA5 UREMENT 
PO I NT' 

FIGURE 3.6.  Two-Component Laser-Doppl e r  Vel oc imete r  
Op t i ca l  Arrangement 



~ o s t  o f  t h e  ve l  o c i t y  measurements were performed w i t h  t h e  two-coi-r~ponent 

o p t i c a l  arrangement system shown i n  F i gu re  3.6. T h i s  was e s s e n t i a l l y  two 

single-component o p t i c a l  arrangements l o c a t e d  a t  r i g h t  angles t o  each 

o t h e r .  The p o s i t i o n  o f  t h e  o p t i c s  was r o t a t e d  45' about t h e  l a s e r  beam 

a x i s  f o r  two-component measurement; t h e r e f o r e ,  t h e  Doppler s i g n a l s  co r res -  

ponded t o  t h e  two v e l o c i t y  components each l oca ted  45' f rom v e r t i c a l .  These 

two v e l o c i t i e s  were r e s o l  ved i n t o  t h e  a x i a l  and 1  a t e r a l  v e l o c i t y  components. 

The measurement p o i n t  was p o s i t i o n e d  w i t h i n  t h e  f l o w  channel by us i ng  

a  t r a v e r s i n g  system t h a t  moved t h e  l a s e r  and r e c e i v i n g  o p t i c s  as an i n t e g r a l  

u n i t .  The t r a v e r s i n g  system was supported on p r e c i s i o n  l i n e a r  b a l l  bear ings 

and was d r i v e n  by va r iab le -speed  servo-motors.  The motor  speed c o n t r o l  
. - 

and p o s i t i o n  readou t  cou ld  l o c a t e  t h e  measurement p o i n t  t o  w i t h i n  0.001 i n .  .: 
i n  b o t h  t he  z  and y d i r e c t i o n s  i n  a  h o r i z o n t a l  p lane.  The e n t i r e  system 

was p o s i t i o n e d  v e r t i c a l l y  w i t h  a  h y d r a u l i c  l i f t  system. -b 

A Laser Systems and E l e c t r o n i c s  readou t  system was used t o  measure 

l o c a l  ins tantaneous v e l o c i t y  c o n s i s t i n g  o f  t h e  t ime  average va lue  p l u s  t h e  

f l u c t u a t i n g  component. The b a s i c  elements o f  t h e  readou t  system i s  d i s -  

cussed i n  Reference 2. I n  a d d i t i o n  t o  t h e  readou t  system, a u x i l i a r y  system, 

aux i  1  i a r y  readou t  i n s t r u m e n t a t i o n  was used t o  measure t h e  "rms" v o l  tage  

o f  t h e  t u rbu lence  v e l o c i t y .  Th is  cons i s t ed  o f  an amp1 i f i e r ,  l ow pass f i l t e r  

and t r u e  rms meter .  

3.3 METHOD OF DATA ACQUISITION AND REDUCTION 

The f l o w  1  oop was operated accord ing t o  s tandard 1  abora to ry  procedures.  

The l o o p  had a  ve ry  s t a b l e  f l ow,  pressure,  and temperature c o n t r o l  and d i d  

n o t  r e q u i r e  ad justment  d u r i n g  da ta  a c q u i s i t i o n .  Once t h e  l o o p  was ope ra t i ng  

a t  t h e  s e l e c t e d  c o n d i t i o n s  t h e  o p t i c a l  system was ad jus ted  t o  g i v e  an optimum 

Doppler s i g n a l .  A smal l  amount o f  m i l k  was i n j e c t e d  i n t o  t h e  l o o p  t o  

p r o v i d e  s c a t t e r i n g  cen te rs .  

The two component v e l o c i t y  da ta  was ob ta ined  f rom two t r ave rses  th rough  

t h e  t e s t  s e c t i o n .  Each t r a v e r s e  used an a1 t e r n a t e  o p t i c a l  channel b u t  a  

cornmon e l e c t r o n i c  readou t  channel .  I n  t h i s  way t h e  same v e l o c i t y  d e t e c t i o n  



c i r i u i  t was used t o  provide a more accurate l a te ra l  velocity measurement 
than i f  two independent c i r cu i t s  were used. 

A di gi t a l  computer program was used to  reduce the recorded data. 

For each data point i t  was necessary to  (1)  s h i f t  the measurement location 

t o  a consistent  s e t  of coordinates and correct  for  refract ive  index; 

( 2 )  convert the Doppler frequency to  velocity;  and ( 3 )  convert the rms 
vol tage to turbulence in tensi ty  . 



4.0 EXPERIMENTAL RESULTS 

Exper imenta l  measurements o f  v e l  o c i  t y ,  tu rbu lence  i n t e n s i t y  and p ressure  

were made b e f o r e  and a f t e r  t h e  t h r e e  b lockage types shown i n  F i gu re  3.5.  The 

t y p e  I s leeve  b lockage i s  equ i va l en t  t o  a  s w e l l i n g  o f  f o u r  ad jacen t  rods .  

The t y p e  I 1  s leeve  b lockage i s  a  r a d i a l l y  s m a l l e r  b lockage which i s  equiva- 

l e n t  t o  a  s w e l l i n g  o f  two ad jacen t  rods.  The type  I V  p l a t e  b lockage has 

a  subchannel open a rea  f r a c t i o n  which i s  equal t o  t h e  t ype  I 1  s leeve  blockage. 

4.1 TYPE I. SLEEVE BLOCKAGE 

F igu re  4.1 presents  a  v e c t o r  magnitude summary o f  t he  a x i a l  v e l o c i t y  

and i n t e n s i t y  d i s t r i b u t i o n  a t  s e l e c t e d  1  eve1 s  be fo re  and a f t e r  t h e  blockage. 

These da ta  show symmetr ic s i d e - t o - s i d e  d i s t r i b u t i o n  o f  v e l o c i t y  and i n t e n s i t y  . . 
ahead o f  t h e  b lockage.  A x i a l  t u rbu lence  i n t e n s i t i e s  o f  about 0.03 near t h e  4 

subchannel cen te rs  compare w e l l  w i t h  t h e  va lues measured i n  t h e  same channel .. 
w i t h  f u l l y  developed f l ow .  INo s i g n i f i c a n t  change i n  the  v e l o c i t y  and 

tu rbu lence  i n t e n s i t y  occurs u n t i l  t h e  f l o w  i s  q u i t e  c l o s e  t o  t h e  blockage. 

A t  6.0 i n .  (x /D = -7.9) b e f o r e  the  b lockage a  smal l  v e l o c i t y  r e d u c t i o n  i s  

e v i d e n t  i n  t h e  b locked  channels.  The n e x t  p lane  i s  l oca ted  a t  2.5 i n .  

(x/D = -3.3) b e f o r e  t h e  b lockage and 112 i n .  f rom t h e  l ead ing  edge o f  t h e  

blockage. Here t h e  b locked  channel v e l o c i t y  r e d u c t i o n  i s  about 30% w i t h  

a  cor responding v e l o c i t y  inc rease  i n  t h e  unblocked channels.  The a x i a l  

t u rbu lence  i n t e n s i t y  has inc reased  s l i g h t l y  i n  t h e  b locked  channels and 

decreased i n  t he  unblocked channels as compared t o  t he  i n t e n s i t y  va lues 

ahead of t he  b lockage.  Downstream o f  t h e  b lockage a t  2  112 i n .  which i s  

a l s o  112 i n .  from t r a i l i n g  edge o f  the blockage, t h e  v e l o c i t y  has decreased 

s i g n i f i c a n t l y .  No da ta  cou ld  be ob ta ined  i n  t h e  wake o f  t h e  b lockage 

because o f  t he  h i gh  t u rbu lence  and c h a o t i c  f low.  The Doppler s i g n a l  i n  

t h i s  r e g i o n  looked l i k e  a  no ise  s i g n a l  on the  o s c i l l o s c o p e .  The channel 

ad jacen t  t o  t he  b lockage shows a  s i g n i f i c a n t  l a t e r a l  g r a d i e n t  o f  i n t e n s i t y .  

The i n t e n s i t y  i s  ve ry  h igh  toward t he  b lockage and near normal away f rom 

the  b lockage i n  t h a t  same channel .  Another i n t e r e s t i n g  f e a t u r e  o f  t h e  da ta  

a t  t h i s  l o c a t i o n  i s  the  s i g n i f i c a n t  r e d u c t i o n  o f  a x i a l  t u rbu lence  i n t e n s i t y  

(u l /U)  i n  t h e  r e g i o n  away from the  blockage. The i n t e n s i t y  near  t h e  c e n t e r  
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developed flow. The turbulence recovery downstream of the blockage i s  

f a s t e r  than f o r  the larger Type I blockages. A t  22 in .  (x/D = 30) the 

turbulence has decayed to  near nominal values. 

4.3 TYPE IV, PLATE BLOCKAGE 

Figure 4.3 presents the velocity and intensi ty  dis t r ibut ion f o r  t h i s  

blockage. This blockage configuration was considered to  determine the 

e f fec t  sleeve blockage. The primary difference here being an abrupt 

contraction and expansion rather than a gradual entry and e x i t  from the 

blockage. The resul ts  in Figure 4.3 show that  the velocity disturbances 

ahead of the blockage are  very similar to  the corresponding Type I1 sleeve 

blockage. Downstream of the blockage, however, the velocity i s  more 

severely reduced and the turbulence intensity i s  much higher. The intensi ty  

in the wake of the blockage i s  very high (> 0.26). For most of the down- 

stream wake, the flow was so chaotic that  measurements of velocity and 

intensi ty  could not be made. I t  i s  interesting to  note tha t  the very high 

intensi ty  in the wake of the blockage does not s ignif icant ly a f fec t  the 

unblocked channels. The intensi ty  dis t r ibut ion along the length of the 

unblocked channels for  both the plate and sleeve blockages a re  very similar.  

The flow recovery behind the plate blockage i s  considerably slower 

than for  the sleeve blockage. The wall channel velocity a t  22 in. 
(x/D = 30) i s  only about 40% of the nominal velocity as compared to  70% 

for  the sleeve blockage. 



5.0 COMPARISON OF DATA WITH CCIBRA PREDICTICINS 

The exper imenta l  da ta  were analyzed i n  cons iderab le  d e t a i l  t o  eva lua te  

t h e  s u i t a b i l i t y  o f  t h e  COBRA-IIIC program f o r  p r e d i c t i n g  t h e  f l o w  d i s t r i b u -  

t i o n  i n  b ~ ~ n d l e s  c o n t a i n i n g  blockages. To per form t h i s  a n a l y s i s  i t  was 

necessary t o  mod i fy  the numer ica l  d i f f e r e n c i n g  scheme i n  COBRA t o  a1 low 

f o r  a  1  arge subchannel area r e d u c t i o n  and t o  a1 low f o r  t h e  p o s s i b i l  i t y  

o f  f l o w  r e v e r s a l .  I t  was a l s o  necessary t o  es t ima te  t h e  subchannel averagt 

v e l o c i t y  f rom the  exper imenta l  da ta  by us i ng  a numer ica l  scheme t o  i n t e g r a t e  

t h e  v e l o c i t y  f i e l d .  The parameters o f  the  mathematical  model were eva lua ted  

and se lec ted  t o  o b t a i n  b e s t  agreement w i t h  t h e  da ta .  The comparisons 

between t h e  c a l c u l a t e d  and t h e  exper imenta l  va lues o f  subchannel f l o w  and 

p ressure  were found t o  be exce l  l e n t .  These r e s u l  t s  were a l s o  r a t h e r  

i n s e n s i t i v e  t o  many o f  t he  mathematical  model parameters. 

5.1 FLOM BLOCKAGE ANALYSIS EQUATION 

To per fo rm an a n a l y s i s  o f  t h e  exper imenta l  da ta  ~ i t h  t h e  COBRA computer 

program, i t  Mas necessary t o  mod i fy  t h e  numerical  s o l u t i o n .  The s t a r t i n g  

p o i n t  f o r  t h i s  m o d i f i c a t i o n  was t h e  v e c t o r  form o f  equat ions( ' )  f o r  con- 

t i n u i  t y ,  a x i a l  momentum and t r ansve rse  momentum f o r  s teady-s ta te  and 

cons tan t  d e n s i t y  c o n d i t i o n s  o f  t h e  exper iment.  

The b a s i c  equat ions a re :  

Con t i nu i t v  

Axi  a1 Momentum 

Transverse Momentum 

These a re  v e c t o r  equat ions where S i s  a  m a t r i x  t r ans fo rma t i on " )  t o  o r d e r  
T 

t h e  subchannels and S i s  t h e  t ranspose o f  S. 



For  subchannel area v a r i a t i o n s ,  t h e  va lue  o f  t h e  area A i n  Equat ion 

(5 .2 )  i s  de f i ned  i n  a  manner c o n s i s t e n t  w i t h  B e r n o u l l i ' s  equa t ion  f o r  

s i n g l e  channels w i t h o u t  f l u i d  f r i c t i o n  and cons tan t  f l o w  r a t e .  I n t e g r a t i n g  
dmu Equat ion (5 .2)  under these c o n d i t i o n s  ( e .  A * =  - -) ove r  a  f i n i t e  

d  x  dx 
increment  x  t o  x .  g i ves  j - 1  J 

Equat ion ( 2 )  w r i t t e n  as a  f i n i t e  d i f f e r e n c e  f o r  t h e  same c o n d i t i o n s  and 

over  t h e  same increment  (AX = x j  - x ~ - ~  ) g i ves  

A j j -  = - & 1 1  
AX Ax (- A j  - -) Aj - l  

To o b t a i n  a  p roper  r e l a t i o n s h i p  between t h e  f i n i t e  d i f f e r e n c e  f o rm  and 

t h e  i n t e g r a l  f o rm  f o r  s i n g l e  channels, t h e  va l ue  o f  A i s  de f i ned  as 

There fo re  Equat ion (5.2) can be w r i t t e n  i n  t h e  f i n i t e  d i f f e r e n c e  fo rm 

2 2  
P j  - Pj-1 - - 2  (m v l N j - ( m  V I A )  j-l 1  T 

- K .  m  - + - S  u t w  - p . c o s 8  (5 .8)  
AX J j A AX A J J  J 

The f i r s t  term on t he  r i g h t  s i d e  o f  Equat ion (5 .8 )  represen ts  t h e  f l u i d  

f r i c t i o n  c o n t r i b u t i o n  t o  t h e  pressure g r a d i e n t .  Th is  term i s  f l o w  d i r e c t i o n  

dependent; t he re fo re ,  t h e  c o e f f i c i e n t  K i s  g i ven  a  (+) s i g n  i f  t h e  f l o w  

i s  i n  t h e  p o s i t i v e  x  d i r e c t i o n  and a  ( - )  s i g n  i f  the  f l o w  i s  nega t i ve .  

By us i ng  t h e  i d e n t i t y  

2  2 
m - m  
j j - 1  = (mj + mj- l  ) (m j  - mj-,) ( 5 . 9 )  



and u s i n g  a  f i n i t e  d i f f e r e n c e  fo rm o f  t h e  c o n t i n u i t y  equa t ion  g i ven  by 

t h e  f r i c t i o n  term can be w r i t t e n  as 

2  2  -(+ K.) m = -(+ Kj)(mjml - (mj+mj-l) s T w .  Ax) 
- J  j 

(5.11) 
J 

The second term on t h e  r i g h t  o f  Equat ion (5.8) can be f a c t o r e d  i n t o  t h e  form 

By s u b s t i t u t i n g  Equat ions (5.11) and 5.12) i n t o  Equat ion (5.8) t h e  f i n i t e  

d i f f e r e n c e  fo rm o f  t he  a x i a l  momentum equa t ion  i s  

To perform t h e  c ross f l ow  s o l u t i o n ,  p ressure  i s  e l i m i n a t e d  f rom t h e  

two momentum equat ions.  Th is  i s  done by  d i f f e r e n t i a t i n g  Equat ion (5.3) 

and us i ng  t h e  f i n i t e  d i f f e r e n c e  analog 



By s u b s t i t u t i n g  Equa t ion  (5.13) t o  e l i m i n a t e  p j  - pj-l t h e  e q u a t i o n  f o r  

t h e  c r o s s f l o w  s o l u t i o n  can b e  w r i t t e n  as t h e  s e t  o f  s imul taneous equa t ions  

v l j - v l A j 1  
- p .  cos 0  

A Ax 

As i n  COBRA-IIIC, Gauss e l i m i n a t i o n  i s  used t o  s o l v e  f o r  w .  a t  each 
J 

a x i a l  l o c a t i o n  x  and i t e r a t i o n  i s  used t o  sweep t h e  computa t ion  f r o m  t h e  
j 

i n l e t  t o  t h e  e x i t  o f  t h e  bund le .  P rev ious  i t e r a t e  va lues o f  mj+l, w 
j + l  

and uj+l a r e  used t o  s o l v e  f o r  w  
j ' 

The boundary c o n d i t i o n s  u s e d  f o r  t h e  p r e s e n t  s t u d y  a r e :  

1. Un i fo rm e x i t  p r e s s u r e  SpN = 0  o r  

2.  I n l e t  subchannel f l o w  r a t e s  s e l e c t e d  t o  g i v e  equal  dp/dx ac ross  t h e  

f i r s t  node. 

5 .2  SUBCHANNEL AVERAGE FLOWRATE ESTIMATES 

S i n c e  t h e  measured v e l o c i t i e s  were l o c a l  o r  p o i n t  v e l o c i t i e s  and 

c o u l d  n o t  be compared d i r e c t l y  w i t h  t h e  subchannel average v e l o c i t i e s  

c a l c u l a t e d  by t h e  COBRA code, a  method o f  i n t e g r a t i n g  t h e  measured v e l o c i t y  

d i s t r i b u t i o n s  o v e r  t h e  subchannel a rea  was developed. The subchannels 

were f i r s t  s u b d i v i d e d  as shown i n  F i g u r e  5.1. I t  was t h e n  assumed t h a t  

t h e  subchannel v e l o c i t y  d i s t r i b u t i o n  was symmetr ic  about  t h e  l o n g i t u d i n a l  

c e n t e r 1  i n e  and t h a t  t h e  i n t r a  s u b s e c t i o n  v e l o c i t y  d i s t r i b u t i o n  c o u l d  be 

r e p r e s e n t e d  by  an  e m p i r i c a l  po lynomina l  f u n c t i o n  o f  t h e  form.  

Nr 
( 0 )  2 2 a i j O  ( i - 1  I r ( j - l  (5 .17)  

i = 1  j = 1  



l lhere E k  i s  t he  kth subsec t ion  v e l o c i t y  d i s t r i b u t i o n  

N, i s  t h e  o rde r  o f  t h e  polynominal  i n  t he  €I d i r e c t i o n  

Nr i s  t h e  o r d e r  o f  t h e  polynominal  i n  t h e  r d i r e c t i o n  

€I and r a r e  de f ined  i n  F i gu re  5.2 f o r  a  t y p i c a l  sebsect ion 

The c o e f f i c i e n t s  i n  t h e  base polynominal  were f i r s t  es t imated  by t h e  

method of 1  e a s t  squares polynominal  r eg ress i on  us i ng  o n l y  t h e  measured 

da ta  p o i n t s .  I t  was then  assumed t h a t  t h e  maximum v e l o c i t i e s  i n  each 

i n t e r i o r  t ype  of subsec t ion  would occur  a t  t he  boundary between subsect ions 

and t h a t  t h e  maximum v e l o c i t y  i n  t h e  p e r i p h e r a l  subsect ions occurs on a 

l i n e  which b i s e c t s  t he  minimum d i s t a n c e  between t h e  w a l l  and t h e  rod.  I t  

i s  then assumed t h a t  t h e  v e l o c i t y  d i s t r i b u t i o n  cou ld  be approximated by 

a  simp1 e 117th power law o f  t h e  for111 

where imax ( 0 )  was determined us i ng  t he  polynominal  express ion f o r  

u(r, 0) and t h e  assumed l o c a t i o n  o f  t h e  l i n e  o f  maximum v e l o c i t i e s .  A 

p o l a r  g r i d  was then s e t  up which con ta ined  5 e q u a l l y  spaced l i n e s  i n  

t h e  0  d i r e c t i o n  and 3 e q u a l l y  spaced l i n e s  i n  t h e  d i r e c t i o n  and t h e  

v e l o c i t i e s  were es t imated  a t  t h e  i n t e r s e c t i o n  o f  t h e  g r i d  l i n e s  us i ng  

t he  1 /7 th  power law d i s t r i b u t i o n .  The measured v e l o c i t i e s  were then  

assigned a r e l a t i v e  we igh t  o f  5 and t h e  c a l c u l a t e d  v e l o c i t i e s  f rom t h e  

1 /7 th  law were assigned a we igh t  of 1  and t h e  c o e f f i c i e n t  Aij of t h e  

polynominal  f u n c t i o n  were re -eva lua ted  us i ng  t h e  weighted combjnat ion 

of t h e  measured and est imated v e l o c i t i e s .  

The polynom-inal us i ng  t he  c o e f f i c i e n t  de r i ved  f rom t h e  weighted 

c o ~ r ~ b i n a t i o n s  s e t  o f  da ta  was then i n t e g r a t e d  numer i ca l l y  over  t h e  area 

o f  each subsec t ion  t o  determine t h e  average v e l o c i t y  i n  each subsect ion.  

The c a l c u l a t e d  average v e l o c i t y  o f  each subsec t ion  i n  a  subchannel were 

then averaged t o  o b t a i n  t h e  average v e l o c i t y  i n  each subchannel. 

The v a l i d i t y  o f  t h i s  method was checked by per forming a mass ba lance 

us i ng  t h e  c a l c u l a t e d  subchannel v e l o c i t i e s .  The r e s u l t s  o f  t h e  mass 

balance c a l c u l a t i o n s  a r e  shown i n  Table  5.1 f o r  t h e  f i v e  measurement 



FIGURE 5.1. Subsec t ion  D e f i n i t i o n  f o r  Po lynomina l  F i t  
o f  Data t o  O b t a i n  Subchannel Average V e l o c i t y  

FIGURE 5.2 D e f i n i t i o n  o f  r and 8 Coord ina te  
For  a T y p i c a l  Subsec t ion  



planes t h a t  had enough data t o  determine t h e  average v e l o c i t i e s  i n  a1 1  

f o u r  subchannels. As shown i n  Table 5.1 t h e  maximum e r r o r  i s  -7.12 and 

t h e  minimum e r r o r  i s  0.04. 

TABLE 5.1 Summary of Mass Balance Ca l cu la t i ons  
Using Estimated Subchannel 4verage 
V e l o c i t i e s  

B l  ockage 
Con f i gu ra t i on  

I I 

No Blockage (2  

Meas urenien t 
Loca t ion  ( i n .  ) 

I n t e g r a t e d  
Average 
Vel o c i  ty 

Test  Sec t i on  
Average 
V e l o c i t y  % E r r o r  

5.3 COBRA INPUT MODEL AND PARAMETERS 

The i n p u t  t o  t he  COBRA program was s e t  up i n  a  convent ional  manner. 

A f o u r  subchannel model was se lec ted  t oge the r  w i t h  a  36 inch  c a l c u l a t i o n a l  

l e n g t h  which was d i v i d e d  i n t o  one-inch a x i a l  nodes. The blockage p lane  

was l o c a t e d  12.5 inches downstream f rom t h e  i n l e t  o f  the  computat ional  

model. 

As p a r t  o f  t h e  s e l e c t i o n  o f  i n p u t  da ta  t o  COBRA, severa l  i n p u t  

parameters were eva lua ted  t o  o b t a i n  t h e  b e s t  f i t  w i t h  t h e  exper imental  

data.  These parameters i nc l uded  t he  subchannel f r i c t i o n  f a c t o r s ,  

blockage area r e d u c t i o n  and pressure l o s s  c o e f f i c i e n t s ,  t u r b u l e n t  m i x i n g  

parameter and t ransverse  momentum equat ion  parameters (s/!L), Ki j, u*) .  



5.3.1 Subchannel F r i c t i o n  Fac to r  

The subchannel f r i c t i o n  f a c t o r s  were deterni ined by i n t e g r a t i n g  t h e  

v e l o c i t y  da ta  f o r  an unblocked con f i gu ra t i on '  ) t o  o b t a i n  i n t e r i o r  and 
s i d e  subchannel average v e l o c i t i e s .  These v e l o c i t i e s  were then s u b s t i t u t e d  

i n t o  t he  equat ion:  

The p ressure  g rad ien t s  i n  each subchannel were then equated t o  t h e  

p ressure  g r a d i e n t  o f  t h e  complete assembly so t h a t  

where i r e f e r s  t o  subchannel average va lues and t h e  remain ing q u a n t i t i e s  

a re  channel average va lues.  An express ion  f o r  fi was then determined 

us i ng  t h e  e m p i r i c a l  fo rm (2 )  

where t h e  exponent i s  t h e  same as t h a t  i n  t h e  bundle average f r i c t i o n  

f a c t o r .  The r e s u l t i n g  subchannel f r i c t i o n  f a c t o r s  a r e  

fi = 0.225 Rei -0 '22 ( i n t e r i o r  subchannel ) (5.23) 

and 

fi = 0.217 Rei -0 '22 ( w a l l  subchannel ) (5.24) 

5.3.2 Blockage Models 

Both t h e  p l a t e  and s leeve  blockages were modeled us ing  a comb ina t ion  

o f  subchannel area r e d u c t i o n  and b lockage l oss  c o e f f i c i e n t s .  The approx- 

imat ions  o f  t h e  p h y s i c a l  blockages a r e  shown i n  F i gu re  5.3 f o r  a l l  t h r e e  
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blockage c o n f i g u r a t i o n s .  The area i s  cons idered t o  be cont inuous w i t h  

r e s p e c t  t o  d i s t a n c e  f o r  b o t h  t h e  p l a t e  and s l e e v e  blockages; however, 

t h e  area used f o r  a  p a r t i c u l a r  node i s  a  s i n g l e  v a l u e  as determined by 

t h e  p o s i t i o n  x  
j 

The i r r e c o v e r a b l e  b lockage p r e s s u r e  l o s s  was i n c l u d e d  by t h e  use of 

a  subchannel p ressure  l o s s  c o e f f i c i e n t  d e f i n e d  by 

where Api = i r r e c o v e r a b l e  p ressure  l o s s  o n l y  

Ki = p r e s s u r e  l o s s  c o e f f i c i e n t  

ui = v e l o c i t y  i n  t h e  minimum area r e g i o n  o f  t h e  b lockage 

p = f l u i d  d e n s i t y .  

I t  i s  i m p o s s i b l e  t o  c a l c u l a t e  an e x a c t  subchannel b lockage  c o e f f i c i e n t  

f rom t h e  above d e f i n i t i o n s  because one would need t o  measure t h e  i r r e c o v e r -  

a b l e  p ressure  l o s s  (separa te  f rom a c c e l e r a t i o n  e f f e c t s )  i n  each b locked  

subchannel. I t  i s  a l s o  necessary t o  d e f i n e  a  c h a r a c t e r i s t i c  v e l o c i t y  f o r  

t h e  b lockage b u t  t h e  v e l o c i t y  i n  a  p a r t i c u l a r  b locked  subchannel depends 

on t h e  assembly geometry, and o t h e r  subchannel b lockages as w e l l  as t h e  

geometry o f  t h e  p a r t i c u l a r  b locked subchannel .  Therefore ,  a  s i m p l e  method 

t o  approximate t h e  subchannel l o s s  c o e f f i c i e n t  was dev ised.  T h i s  method 

c o n s i s t s  o f  e q u a t i n g  t h e  d i f f e r e n t i a l  f o r c e s  ( f o r m  d rag  1  osses o n l y )  

across t h e  b l o c k e d  subchannels o n l y  t o  t h e  d i f f e r e n t i a l  f o r c e s  ( fo rm o n l y )  

a c t i n g  on t h e  complete r o d  assembly 

where Ai = nominal  f l o w  area o f  b locked  subchannel (away f rom b lockage)  

A  = t o t a l  f l o w  area o f  assembly (away f rom b lockage)  

Api = f o r m  p ressure  l o s s  i n  t h e  i t h  b locked  subchannel 

Ap = f o r m  p ressure  l o s s  across assembly. 



I t  was then assumed t h a t  the form pressure losses in the blocked subchannel 

are equal so t h a t  t k  pressure drop could be factored o u t  of the summation. 

This results in 

Uhen the definition of the form pressure loss is  substituted for  the 

subchannel and assembly average pressure loss the follow-iqg expression 

for the blocked subchannel 1 oss coefficient i s  obtained. 
'7 

where Ki = form loss coefficient for  the i t h  blocked subchannel 

U = bundle average velocity in the blockage plane 
- 
u = subchannel velocity in the blockage plane i 

K = bundle average form loss coefficient 

N B 
The terms U ,  A ,  and  i f l  Ai are easily determined from the assembly 

geometry and continuity. K i s  easily determined from the definition of 

the form loss coefficient and a measurement of the form pressure loss 

across the assembly. u i  i s  the only variable that  i s  not readily avail- 

able; however, the value of u i  i s  available from the preceding iteration 

during the computational sequence. 

In this study K was determined by calculating the t e s t  assembly 

pressure loss using COERA without the loss coefficient b u t  with the area 

reduction model included. This calculated pressure drop was then sub- 

tracted from the measured asse~nbly pressure drop t o  obtain the form pressure 

loss a n d  K was evaluated from 



I t  was found t h a t  t h e  va lue  of K f o r  a  g i ven  b lockage c o n f i g u r a t i o n  

was somewhat dependent o f  t h e  va lues chosen f o r  t h e  o t h e r  i n p u t  parameters, 

b u t  t h a t  t h e  v a r i a t i o n  i n  K had l i t t l e  e f f e c t  on c a l c u l a t e d  f l o w  and 

p ressure  d i s t r i b u t i o n s  as l ong  as a  K c o n s i s t e n t  w i t h  t h e  o t h e r  parameters 

was used. Over t h e  range o f  parameters s t u d i e d  i t  was found t h a t  K v a r i e d  

f rom 0.03 t o  0.12 f o r  t h e  Type 1  b lockage ( s l eeve )  and f rom 0.73 t o  0.76 

f o r  t h e  Type I V  Blockage ( p l a t e ) .  The v a r i a t i o n  o f  K was n o t  examined 

f o r  t h e  Type I 1  blockage. The re fe rence  va lues o f  K used i n  c o n j u n c t i o n  

w i t h  t h e  r e f e r e n c e  values o f  t h e  o t h e r  parameters a r e  0.08, 0.10, and 0.75 

f o r  t h e  Type I, I 1  and I V  blockages, r e s p e c t i v e l y .  

I t  i s  impo r tan t  t o  n o t e  t h a t  t h e  area r e d u c t i o n  model i s  t h e  ma jo r  

mechanism o f  p r o v i d i n g  f o r ced  f l o w  d i v e r s i o n  f rom t h e  b locked subchannels 

and t h a t  t h e  p r imary  purpose o f  t h e  b lockage l o s s  c o e f f i c i e n t  i s  t o  account  

f o r  t h e  i r r e c o v e r a b l e  form pressure l o s s .  Therefore,  b lockage l o s s  

c o e f f i c i e n t s  determined i n  t h e  above manner and used by themselves w i t h o u t  

t h e  p roper  area v a r i a t i o n  model would n o t  produce a  good approx imat ion  t o  

t h e  subchannel f l o w  d i s t r i b u t i o n  i n  a  b locked assembly. Whi le t h e  above 

procedure f o r  p ressure  l o s s  gave good r e s u l t s  f o r  t h e  p resen t  exper iments 

a d d i t i o n a l  exper imenta l  da ta  would be necessary t o  check i t s  v a l i d i t y  

f o r  o t h e r  r o d  bundle  geometry. 

5.3.3 Tu rbu len t  M i x i n g  Parameter. The re fe rence  t u r b u l e n t  m i x i n g  

parameter 4 t oge the r  w i t h  t h e  parameter fT = 1  accounts f o r  t h e  i n t e r f a c i a l  

t u r b u l e n t  shear  between ad jacen t  subchannels. 4 was found t o  have an 

app rec i ab le  e f f e c t  and was assumed t o  be a  f u n c t i o n  o f  a x i a l  p o s i t i o n  on l y ,  

as shown i n  F i gu re  5.4. The maximum va lue  o f  6  was assumed t o  occur  a t  

t h e  b lockage  w i t h  a  o f  0.10 f o r  t h e  Type I and I V  Blockages and 

0.05 f o r  t h e  Type I 1  Blockage. The lower  va l ue  o f  Bmax f o r  t h e  Type I 1  

Blockage i s  c o n s i s t e n t  w i t h  t he  r e s u l t s  o f  t h e  t u r b u l e n t  i n t e n s i t y  measure- 

ments which show t h a t  t h e  t ransverse  average o f  t h e  a x i a l  t u r b u l e n t  i n t e n s i t y  

f o r  t h e  Type I 1  Blockage i s  much l e s s  than t h a t  o f  the  o t h e r  two blockages 

downstream o f  t h e  b lockage.  Not enough i n f o r m a t i o n  i s  a v a i l a b l e  f rom t h e  

data t o  j u s t i f y  a  t r ansve rse  B v a r i a t i o n .  





Two o t h e r  va lues  o f  6 were examined t o  determine t h e  impor tance o f  

t h e  s e l e c t i o n  o f  t h i s  parameter i n  making b lockage s tud ies .  I n  t h e  f i r s t  

case, 6 was assumed t o  have a  cons tan t  va lue  o f  0.02 ( t y p i c a l  o f  c l ean  

r o d  bundles)  ove r  t he  e n t i r e  l e n g t h  o f  t h e  model. Th is  produced i d e n t i c a l  

v e l o c i t y  d i s t r i b u t i o n  a t  t h e  i n l e t *  b u t  t h e  v e l o c i t y  d i s t r i b u t i o n  downstream 

o f  the  i n l e t  changed by approx imate ly  7% w i t h  the  h i ghe r  v e l o c i t y  i nc reas -  

i n g  and t h e  lower  v e l o c i t y  decreas ing.  The c a l c u l a t e d  p ressure  l o s s  was 

a l s o  observed t o  change by 3%. The o t h e r  model assumed a  cons tan t  6 o f  

0.12 over  t h e  e n t i r e  l eng th .  Th is  produced v e l o c i t y  and p ressure  d i s t r i b u -  

t i o n  downstream o f  t he  b lockage t h a t  dev ia ted  by l e s s  than 5% f rom those 

computed us i ng  t h e  re fe rence  p r o f i l e .  The g r e a t e s t  e f f e c t  occur red  on 

t h e  i n l e t  f l o w  s p l i t  where v e l o c i t y  i n  t h e  p e r i p h e r a l  channels was inc reased  

by 12%. 

S ince t h e  da ta  suggested enhanced m ix i ng  downstream o f  t h e  b lockage 

i t  was d e s i r a b l e  t o  use a  l a r g e r  m i x i ng  parameter than would nom ina l l y  

be assigned t o  a  c l e a n  assembly, b u t  h i g h e r  m i x i ng  parameters produced 

u n r e a l i s t i c  f l o w  s p l i t s  when used i n  c o ~ j u n c t i o n  w i t h  t h e  equal dp/dx 

boundary c o n d i t i o n  a t  t h e  i n l e t .  Th i s  was t h e  reason f o r  choosing an 

a x i a l l y  v a r y i n g  B .  

5.3.4 Transverse Momentum Parameters ( S I R )  and Ki  j 

The parameters (S IR)  and Ki were se lec ted  t o  be 0.25 and 0.1 5, 

r e s p e c t i v e l y .  The cho ice  o f  these parameters has l i t t l e  e f f e c t  on t h e  

c a l c u l a t e d  v e l o c i t y  d i s t r i b u t i o n .  The va lue  o f  u* equal t o  t h e  v e l o c i t y  

a t  t h e  donor subchannel was found t o  g i v e  b e t t e r  agreement than us i ng  

t h e  average v e l o c i t y  o f  t h e  two ad jacen t  subchannel s .  

* In1 e t  v e l o c i t y  s p l  i t  t o  g i v e  equal subchannel p ressure  g r a d i e n t .  



5.3.5 Gap Spacing V a r i a t i o n  

Gap v a r i a t i o n s  were used f o r  t h e  s leeve  t ype  blockage i n  t h e  r e fe rence  

c a l c u l a t i o n s ;  however, i t  had a  n e g l i g i b l e  e f f e c t  on t h e  c a l c u l a t e d  

p ressure  and f l o w  d i s t r i b u t i o n .  

5.4 RESllLTS OF COBRA CALCLILATIONS 

The v e l o c i t y  and p ressure  d i s t r i b u t i o n s  c a l c u l a t e d  w i t h  COBRA u s i n g  

t h e  i n p u t  d iscussed above a r e  i n  e x c e l l e n t  agreement w i t h  t h e  measured 

d i s t r i b u t i o n s .  The c a l c u l a t e d  v e l o c i t y  d i s t r i b u t i o n s  a r e  compared t o  

t h e  es t imated  average subchannel v e l o c i t i e s  i n  F igures 5.5, 5.6, and 5.7 

f o r  Type I, 11, and I V  b lockage c o n f i g u r a t i o n ,  r e s p e c t i v e l y .  Two se t s  

o f  c a l c u l a t e d  subchannel v e l o c i t i e s  a r e  shown i n  these f i g u r e s .  The f i r s t  

s e t  represented by a  s o l i d  l i n e ,  was c a l c u l a t e d  us i ng  bo th  area reduc t i ons  

and subchannel l o s s  c o e f f i c i e n t s .  The second s e t  represented by dashed 

1  ines  were c a l c u l a t e d  us i ng  area reduc t i ons  o n l y .  

The r e s u l t s  g i ven  i n  F igures 5.5 and 5.6 show reasonably  good agree- 

ment between t h e  c a l c u l a t e d  and measured v e l o c i t y  d i s t r i b u t i o n s  f o r  t h e  

s leeve  b lockage rega rd l ess  o f  whether t h e  p ressure  l o s s  c o e f f i c i e n t  model 

was i nc l uded  o r  omi t ted .  However, as shown i n  F i gu re  5.7 t h e  f l o w  d i v e r s i o n  

f rom t h e  b locked  subchannel i s  underest imated f o r  t h e  p l a t e  b lockage when 

t he  l o s s  c o e f f i c i e n t  i s  omi t ted .  Good agreement i s  observed when t h e  l o s s  

c o e f f i c i e n t  i s  inc luded .  I t  shou ld  be noted t h a t  t he  use o f  t h e  m o d i f i e d  

numerical  scheme g i v e n  i n  Sec t i on  5.1 c a l c u l a t e s  r eve rse  f l o w  r e c i r c u l a t i o n  

downstream o f  the  blockage i n  t h e  90% b locked subchannel o f  t h e  Type I 

sleeve  blockage. 

The c a l c u l a t e d  a x i a l  p ressure  d i s t r i b u t i o n s  o f  t h e  two i n t e r i o r  sub- 

channels a r e  compared t o  t h e  memured p ressure  d i s t r i b u t i o n  i n  F igures 5.8, 

5.9, and 5.10. The p ressure  d i s t r i b u t i o n s  c a l c u l a t e d  us i ng  t h e  subchannel 

pressure l o s s  c o e f f i c i e n t s  a r e  i n  good agreement w i t h  t h e  measured d i s t r i b u -  

t i o n .  However, t h e  r e s u l t s  o f  t h e  c a l c u l a t i o n s  when t he  l o s s  c o e f f i c i e n t  

model was om i t t ed  unde rp red i c t  t h e  measured l o s s  by approx imate ly  20% f o r  

t h e  s leeve  blockages and by 60% f o r  t h e  p l a t e  b lockage.  I t  i s  wo r t h  n o t i n g  

t h e  a b i l i t y  o f  t h e  COBRA code (us i ng  t h e  l o s s  c o e f f i c i e n t  model) t o  p r e d i c t  



FIGURE 5.5. Comparison o f  Exper imenta l  Flow Rate Est imates Wi th  t h e  P r e d i c t i o n  
o f  t h e  COBRA-IIIc Program f o r  t h e  Type I ,  Sleeve Blockage 
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FIGURE 5.6. Comparison o f  Experimental  Flow Rate Est imates With t h e  P r e d i c t i o n  
of the COBRA-IIIC Program f o r  t h e  Type 11, Sleeve Blockage 
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FIGURE 5.7. Comparison o f  Exper imenta l  Flow Rate Est imates Wi th  t h e  P r e d i c t i o n  
o f  t h e  COBRA-IIIC Program f o r  t h e  Type I V ,  P l a t e  Blockage 
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FIGURE 5.9. Comparison o f  Subchannel Pressure Data t o  P r e d i c t i o n  
o f  t h e  COBRA-IIIC Program f o r  t h e  Type 11, S leeve 
Bl  oc kage 



FIGURE 5.10. Comparison of Subchannel Pressure Data t o  Predic t ion  
of t he  COBRA-IIIC Program f o r  t h e  Type IV, P l a t e  
Bl ockage 



t h e  t r e n d s  o f  t h e  r e l a t i v e  p ressure  d i f f e r e n t i a l  between t h e  two subchannels 

j u s t  downstream o f  t h e  b lockage.  The c a l c u l a t i o n s  and measured d a t a  b o t h  

show a s l i g h t l y  g r e a t e r  p r e s s u r e  d rop  i n  t h e  l e f t  subchannel f o r  t h e  Type 

I and I V  b lockagesand a s l i g h t l y  reduced l o s s  i n  t h e  l e f t  subchannel f o r  

t h e  Type I 1  b lockage.  

The r e s u l t s  of t h e  comparisons and t h e  parameter s t u d i e s  d i scussed  

p r e v i o u s l y  g i v e  credence t o  t h e  models and numer ica l  schemes used i n  t h e  

m o d i f i e d  v e r s i o n  o f  COBRA-IIIC t o  a c c u r a t e l y  c a l c u l a t e  v e l o c i t y  d i s t r i b u -  

t i o n s  i n  b l o c k e d  r o d  a r r a y s .  The p r i m a r y  f a c t o r s  which i n f l u e n c e  t h e  c a l -  

c u l a t e d  r e s u l t s  a r e  t h e  f l o w  areas i n  t h e  b locked  subchannels and t h e  

f o r m  (stream1 i n e s  o r  a b r u p t )  o f  t h e  b lockage.  I f  o n l y  t h e  v e l o c i t y  d i s -  

t r i b u t i o n s  a r e  r e q u i r e d  and i f  t h e  b lockage  i s  o f  t h e  " s w e l l i n g "  t y p e  t h e n  

adequate r e s u l t s  may be o b t a i n e d  by u s i n g  subchannel a rea  v a r i a t i o n s  o n l y .  

However, i f  b o t h  v e l o c i t y  and p ressure  d i s t r i b u t i o n s  a r e  t o  be determined 

o r  i f  t h e  b lockage  geometry i s  o f  t h e  a b r u p t  t y p e  then  a b lockage  l o s s  

c o e f f i c i e n t  must be i n c l u d e d  f o r  b o t h  v e l o c i t y  and p r e s s u r e  c a l c u l a t i o n s .  

The method o f  assuming subchannel l o s s  c o e f f i c i e n t s  f rom a b u n d l e  average 

l o s s  c o e f f i c i e n t  does account  f o r  t h e  t o t a l  p r e s s u r e  l o s s  f r o m  t h e  system, 

and i t  appears t h a t  i t  a l s o  produces t h e  c o r r e c t  amount o f  d i v e r s i o n  f l o w  

f r o m  t h e  b l o c k e d  subchannels.  

I n  t h i s  s t u d y  t h e  bund le  average l o s s  c o e f f i c i e n t  was determined fro111 

t h e  measured p r e s s u r e  l o s s .  I d e a l l y  one would  1 i k e  t o  de te rm ine  t h e  bund le  

average l o s s  c o e f f i c i e n t  f r o m  c o n t r a c t i o n  and expansion c o e f f i c i e n t s  

s i m i l a r  t o  those  g i v e n  by Kays and London. (4 )  However, f o r  t h e  p l a t e  

t y p e  o f  b lockage, Kays and London's c o e f f i c i e n t s  gave a bund le  average 

l o s s  c o e f f i c i e n t  t h a t  was 60% l o w e r  t h a n  t h a t  c a l c u l a t e d  f r o m  t h e  d a t a .  



6.0 CONCLUSIONS AND RECOMMENDATIONS 

Several  conc lus ions can be made as a r e s u l t  o f  t h i s  s tudy :  

1. The laser-Doppler  ve l  oc imeter  proved t o  be an e f f e c t i v e  t o o l  

t o  measure v e l o c i t y  and turbu lence;  however, i t  cou ld  n o t  

p rov ide  measurements i n extremely t u r b u l e n t  f l ows  i n  t h e  

immediate wake o f  some blockages. 

2. The i n t r o d u c t i o n  o f  a  p a r t i a l ,  b u t  severe, f l o w  b lockage 

s i g n i f i c a n t l y  pe r t u rbs  t he  v e l o c i t y  f i e l d .  Th is  i s  seen as 

a ma jo r  r e d i s t r i b u t i o n  o f  f l o w  and a s i g n i f i c a n t l y  mod i f i ed  

tu rbu lence  i n t e n s i t y  d i s t r i b u t i o n .  The i n f l u e n c e  o f  t h e  

blockage p e r s i s t s  we1 1 downstream w i t h  on ly  a smal l  p e r t u r b a t i o n  

o f  f l o w  upstream o f  t h e  blockage. 

3. The p l a t e  type  blockage causes a more severe f l o w  r e d u c t i o n  

b u t  a  l a r g e r  inc rease  i n  tu rbu lence  than a corresponding s leeve  

blockage w i t h  t he  same area reduc t ion .  The blockage con f i gu ra -  

t i o n ,  t he re fo re ,  has an impor tan t  e f f e c t  on t h e  downstream f l o w  

pe r tu rba t i on .  

4. The C O B R A - I I I C  subchannel computer program can p r e d i c t  t h e  f l o w  

and pressure d i s t r i b u t i o n  very  w e l l  i n  t h e  subchannels o f  t h e  

p resen t  exper imental  model. This cou ld  be accompl i shed  w i t h  

a  minimum adjustment o f  emp i r i ca l  parameters. The most 

s i g n i f i c a n t  parameter i s  t he  subchannel pressure l o s s  c o e f f i c i e n t  

o f  t h e  blockage. 

The f o l l  owing recommendations a r e  o f f e r e d  f o r  f u t u r e  s tud ies  o f  

f 1 ow blockage i n  r o d  bundles : 

1. The e f f e c t  o f  f l o w  blockage should be i n v e s t i g a t e d  i n  l a r g e r  

bundles t o  determine t h e  g e n e r a l i t y  o f  t h e  r e s u l t s  obta ined 

i n  t h i s  s tudy  w i t h  a  s imp le  f l o w  model. 

2. Since t h e  e f fec ts  o f  f l o ~  blockage a r e  norma l l y  r e l a t e d  t o  

concerns o f  heat  t r a n s f e r ,  a d d i t i o n a l  experiments combining 



f l o w  measurement and heat  t r a n s f e r  should be performed f o r  

se lec ted  f l o u  blockage con f i gu ra t i ons .  Whi le t h e  LDV ~ i i u s t  

p r e s e n t l y  be l i m i t e d  t o  s i n g l e  phase f lows, i t  can be used t o  

a i d  i n  t he  i n t e r p r e t a t i o n  o f  f l o w  blockage experiments and may 

be e s p e c i a l l y  va luab le  f o r  steam f lows  w i t h  en t ra i ned  d r o p l e t s .  

3. "Real"  f l o u  blockages need t o  be de f i ned  w i t h  more accuracy 

t o  a s s i s t  w i t h  t he  des ign o f  f u t u r e  experiments. 



7.0 NOMENCLATURE 

Flow area 

Crossf low r e s i s t a n c e  f u n c t i o n  

H y d r a u l i c  d iamete r  

f r i c t i o n  f a c t o r  

momentum t u r b u l e n t  f a c t o r  

subchannel f r i c t i o n  f u n c t i o n  o r  b lockage l o s s  c o e f f i c i e n t  

C r o s s f l  ow r e s i s t a n c e  f a c t o r  

Subchannel f l o w  r a t e  

p ressure  

p o l a r  coord ina tes  

Reynolds number 

r o d  gap spac ing  

mo~nentu~n e q u a t i o n  parameter 

S  m a t r i x  t r a n s f o r m a t i o n  

t t i m e  

U channel average v e l o c i t y  
- 
u average a x i a l  v e l o c i t y  component 

u I "rms" f 1  u c t u a t i  ng a x i a l  v e l o c i t y  

u  * a x i a l  v e l o c i t y  c a r r i e d  by c r o s s f l o w  

i Subchannel average v e l o c i t y  

w 1  T u r b u l e n t  c r o s s f l o w  m i x i n g  p e r  u n i t  l e n q t h  

u  ,v ,W v e l o c i  t y  components i n  t h e  x,y,z d i r e c t i o n  

v  s p e c i f i c  volume 

w c r o s s f l o w  p e r  u n i t  l e n g t h  

XsY ,z C a r t e s i a n  Coord inate  D i r e c t i o n s  

B T u r b u l e n t  m i x i n g  parameter w l /GS 

P d e n s i t y  

S u b s c r i p t s  

i r e f e r s  t o  subchannel v a l u e  

j a x i a l  p o s i t i o n  index  a l o n g  l e n g t h  o f  channel 
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APPENDIX A 

TABULATION OF REDUCED EXPERIMENTAL DATA 



TABLL A-I. Tabulation o f  Veloci ty  and Turbulence Data 

SECT d-8 TYPE I  LOCK AT STA ~,WINDOY 3 A T  CL ZONE 1 

HUN 
hO 

883268 
883269  
B83270 
183271  
883272 
183273  
883274 
883275  
883276 
183277  
883278 
883279 
883280 
883281  

SECT d-8 TYPE I BLOCK AT STA 3vYINOOU 3 AT CL ZONE 3 

CUTOFF 
KHZ 

3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 

HUN REYNOLJS Z Y U U/UB UP UP lU  V V I U  CUTOFF 
NO NO I N  I N  FT/SEC FT/SEC FTISEC - - KHz 

883254 109904. ,582 1.265 20.52 1.208 - - - - 3. 
883255  109904. .582 1.320 21.08 1.241 - - - - 3. 
883256 lOu904.  .582 1.430 21.50 1.265 - - - - 3. 
b83257  104904.  .582 1.985 21.26 1.251 - - - - 3. 
183256  104904.  .582 1.375 21.39 1.259 .70 .033 - - 3. 
803259  1 0 4 9 0 ~ .  ,514 1.375 21.20 1 . 2 ~ 8  - - - - 3. 
883260 10+904.  .447 1.375 20.69 1.218 - - - - 3. 
183261  IOY909. .313 1.375 19.73 1.161 - - - - 3. 
883262 10Y904. . I 7 9  1.375 18.63 1.097 - - - - 3. 
883263  104904.  .045 1,375 16.46 ,969 - - - - 3. 
883269 109904.  ,716 1.375 20.78 1.223 - - - - 3. 
883265 104904,  .850 1.375 19.60 1.154 - - - - 3. 
tI8326b 104909. ,989 1.375 18.90 1.083 - - - - 3. 
883267 109904.  1.118 1.375 16.25 .956 - - 3. 

SECT ti-8 TYPE 1 BLOCK AT STA 3#WIN00d 3 AT CL ZONE 5 

HUN 
110 

883224  
~ 8 3 2 2 3  
b83220 
Be3227 
883228 
883229 
883230 
813231  
B83232 
t183233 
8t13234 
t183235 
tI83236 
B83237 

REYNOLDS 
NO 

109904. 
104904. 
104904.  
104909.  
104904.  
1011904, 
IOY904. 
104904. 
l o r 9 o r .  
109904.  
104904. 
104904.  
I 0 *909 .  
10Y90U. 

CUTOFF 
KHz 

3. 
3. 
3. 
3. 
3. 
3. 

SECT 6-B TYPE I BLOCK AT STA 1,UINDOW 3 AT CL ZONE 6 

HUN REYNOLDS Z Y U U/UB UP UP/U V V/U CUTOFF 
NO NO I E l  I N  FTISEC FT/SEC FT/SEC - - KHz 

bt13239 IOY904. ,578 3.765 18.91 1.113 - - - - 3. 
dB3240 104904. ,578 3.820 18.37 1.081 - - - - 3. 
683241  104904.  .578 3.875 17.39 1.024 1.05 .060 
883242  10'4904. .578 3.930 16.13 .949 - - - - 3. 

- - 3. 
863243  104909. .578 3.985 13.93 .820 - - - - 3. 
U83244 104904.  .510 3.875 17.58 1.035 - - - - 3. 
U832*5 1uY90r.  . 4 r 3  3.875 17.62 1.037 - - - - 3. 
683296  IOY909. .309 3.875 17.01 1.001 - - 
BtI32Q7 IOV904. . I 7 5  3.875 1 5 . E  ,933 - - - - 3. 

8 8 3 2 r d  IOYY04. .041 3.875 14.34 .844 - - - - 3. 

- - 3. 
883243  10*904. .712 3.075 17.43 1.026 - - 
bB3250 109904. . a rb  3.b75 17.38 1.023 - - - - 3. 

- - 3. 
U83251 IOr904 .  .980 3.b75 l b . 3 1  .900 - - - - 3.  
BB3252 109900,. 1 . 1 1 ~  3.675 19.76 .809 - - - - 3. 
883253  104904. 1.231 3.875 9.01 .530 - - 3.  

5LCT 3-8 TlPE I BLOCK AT STA 2,UINDOY 3 AT CL ZONE 1 

*UN HEYNOLOS 2 Y U U/UR UP UP/U V V/U CUTOFF 
NO NO I N  I N  FTISEC FT/SEC FT/SEC 

88332Y 104904. - 5 8 8  .015 10.65 ,627 - - - - KHZ 

- - 3. 
b63325  IOr904 .  .588 .U70 14.88 .876 - - - - 3. 
b83326 10Y904. .588 . I 80  17.18 1.011 - - 
bB3327 109909. .588 .235 17.91 1.05'4 - - - - 3. 

683328 104909. .588 . I 2 5  16.38 .964 1.13 .069 - - 3. 

683329  109904. .521 . I 2 5  16.94 .997 - - - - 3. 
3.  

U8333b 109904. . 991  ;125 14;08 ; B i 9  - - - - -. 
683337 109904.  1.125 . I 2 5  12.55 .739 - - - - 3. 

3. 
HYDRAULIC DIAMETER. D = .759 INCHES. AVERAGE VELOCITY, UB = 17.0 FTISEC. 

* QUESTIONABLE DATA POINT. TURBULENCE INTENSITY TO HIGH TO MEASURE. - NO DATA POI 



TABLE A-I. Tabulation o f  Veloci ty and Turbulence Data (contdl  

SECT 9-8 ~ Y P E  I BLOCK A T  STA P.YINDOY 3 A T  CL ZONE 3 

CUTOFF 
KHz 

3. 

3 AT CL ZONE 5 

CUTOFF 
KHz 

3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 

HUN REYIIOLDS Z Y U 
NO NO I N  I N  FT/5EC 

8 8 3 2 9 ~  1 ~ 4 9 0 9 .  ,590 2.515 20.59 
8d3297 IOu909. .590 2.570 21.26 
88329d 109904. a590 2.680 22.39 
8tI3299 104904. .590 2.735 22.33 
883300 l 0 4 9 0 r .  .590 2.625 21.92 
b83301  109904. ,523 2.025 21.61 
bU3302 104909. .455 2.625 21.21 
a83303 104909. .321  2.625 20.53 
Bb3304 104904. . I 8 7  2.625 19.28 
bb5305 109909. - 0 5 3  2.625 17.07 
tI0330b 10+904. .729 2.625 21.46 
U83307 1U4904. .858 2.625 20.26 
883308 104904. .992 2.625 18.97 
8b3309 104904. 1.127 2.625 17.13 

3 AT CL ZONE 6 

CUTOFF 
KHz 

3. 
3. 
3. 
3. 
3. 

SECT 1. 

RUN HEYNOLu5 Z Y U U lU l l  UP UP/U Y Y/U CUTOFF 
NO NO I l r  I N  FT/SEC FT/5EC FT/SEC - - KHz 

tIB2534 104909. .584 . I25  12.26 .722 1.35 . I10  - - 3. 
882535 10'1904. .517 .125 13.06 .769 - - - - 3. 
682530 10+904. .95O . I 2 5  13.42 .790 - - - - 3. 
bn2557 10 r909 .  ,316 .125 12.79 .75n - - - - 3. 
882538 104904. . I 8 2  . I 2 5  11.+1 .671 - - - - 3. 
b02539 109904. .097 . I 2 5  8.99 .526 - - - - 3. 
88LSUU 10"Ou. ,719 . I 2 5  11.29 .bb4 1 - 1 6  -103  - - 3. 
882541  109904. .a53 . I 2 5  11.43 .673 1.12 a098 - - 3. 
882542 1U4904, .987 . I25  11.23 .be1 $ 9 5  .O09 - - 3 .  
882593 10*904. 1.121 ,125 9.48 .558 .98 . l o 4  - - 3. 
we2594 10990". 1.054 .070 9.75 .574 - - - - 3. 
882545 104904. ,920 .070 9.99 ,588 - - - - 3. 
~ 8 2 5 u b  109904. .78b . o m  19.01 .gas - - - - 3. 
bU2547 10+904. .651 .070 19.38 .611 - - - - 3. 
t182548 10*904. .584 .370 11.19 .656 1 - 2 9  . I12  - - 3. 
b I259Y 104904. ,584 .U15 9.U2 .531 1.05 . I 1 7  - - 3. 
bLI255u 104904. .719 .U15 8.01 ,471 - - - - 3. 
802551  10+904. .853 .U15 7.98 .470 - - - - 3. 
dB2552 109904. ,987 .015 7.r6 .939 - - - - 3. 
bB2553 10490q. 1.121 .015 7.11 .919 - - - - 3. 
8d2554 109904. 1.054 . I 8 0  10.50 .618 - - - - 3. 
tI82555 109904. .920 . I80  12.05 ,709 - - - - 3. 
~ 8 2 5 5 0  104904. -786  ,180 12.40 .730 - - - - 3. 
082557 104909. .651 ,180 12.65 .744 - - - - 3. 
88255d 104909. .584 ,180 13.24 .779 1.27 .096 - - 3. 
b02559 1U4904. .584 ,235 14.15 ,833 1.06 .075 - - 3. 
882560 10'4904. .719 .235 13.33 .789 - - - - 3. 
~ 8 2 5 6 1  109904. ,853 .235 12.72 ,749 - - - - 3. 
882562 104909. ,987 ,235 10.12 .595 - - - - 3. 
1 8 i 5 6 3  10*909. 1.121 .235 7.35 .433 - - 3, 

HYDRAULIC DIAMETEHv 0 : .759 INCHES. AVERAGE VELOCITY+ UB = 17.0 FT/SEC. 
BUESTLONABLE DATA POIIIT. + TURBULENCE INTENSITY TO HIGH 10  MEASURE. - NO DATA POINT. 



TRBLE A-1 . Tabulation of Ve lod ty  and Turbulence Data 

SECT 8-8 TYPE 1 BLOCK AT STA IVWINDOW 3.-.5CL ZONE 3 

RUN REYNOLnS Z Y u U/UB UP UP/U 

SECT 8-8 TYPE I BLOCK AT STA I,WINDOW 3,-.5CL ZONE 5 

HUN 
NO 

882474 
882475 
882476 
882477 
882478 
882479 
082480 
882981 
1182482 
882483 
8821184 
182985 
882486 
182487 
882488 
182489 
882490 
082991 
b821192 
082493 
182499 
882495 
882496 
882497 
882498 
882499 
882500 
882501 
882502 
882503 

(contd) 

CUTOFF 

CUTOFF 
KHz 

3. 
3. 

SECT 8-8 TYPE I BLOCK AT STA IPWINDOW 3,--5CL-ZONE 6 

RUN REYNOLDS Z Y U U/UB UP UP/U V V/U CUTOFF 
NO NO I N  I N  FT/SEC FT/SEC FT/SEC - - KHz 

882445 104904. .586 3.875 25.23 1.485 .72 -029 - - 3. 
882446 104904. .519 3.875 25.17 1.482 - - - - 3. 
882447 104904. .384 3.875 29.96 1.469 - - - - 3. 
882498 104904. ,250 3.875 24.47 1.440 - - - - 3. 
8829119 104904. . I16  3.075 21.35 1.374 - - - - 3. 
182450 104904. ,720 3.875 25.17 1.482 -70 ,028 - - 3. 
882451 104904. .854 3.875 24.83 1.961 .64 -026 - - 3. 
802452 104904. .988 3.875 23.98 1.911 -66  .027 - - 3. 
882453 104904. 1.122 3.875 22.93 1.350 .59 .026 - - 3. 
882454 109904. 1.055 3.820 22.77 1.391 - - - - 3. 
882455 1011909. .921 3.820 23.98 1.411 - - - - 1. 
882456 104904. .787 3.820 29.75 1.457 - - - - 3. 
882457 104904. .653 3.820 25.34 1.491 - - - - 3. 
882958 104904. ,586 3.820 25.39 1.494 .59 .023 - - 3. 
882459 104904. .586 3.765 25.03 1.473 .64 a025 - - 3. 
882460 104904. .720 3.765 24.53 1.499 - - - - 3. 
882461 104909. .854 3.765 23.51 1.304 - - - - 3. 
882462 104909. ,988 3.765 22.34 1.315 - - - - 3. 
882463 10*904. 1.122 3.765 20.21 1.190 - - - - 3. 
082464 1011904. 1.055 3.930 22.76 1.340 - - - - 3. 
882465 1011904. .921 3.930 23.96 1.410 - - - - 3. 
882466 104904. .787 3.930 24.33 1.432 - - - - 3. 
882967 104904. ,653 3.930 24.16 1.422 - - - - 3. 
882468 104904. .586 3,930 24.05 1.416 .93 ,039 - - 3. 
882469 104904. .586 3.985 21.37 1.258 1.13 ,053 - - 3. 
882470 104904. .720 3.985 21.50 1.265 - - - - 3. 
882471 109909. .854 3.985 21.51 1.266 - - - - 3. 
882472 104904. ,988 3.985 20.77 1.223 - - - - 3. 
882473 104904. 1.122 3.985 19.64 1.156 - - 3. 

HYDRAULIC DIAMETER* D : .759 INCHES. AVERAGE VELOCITY, UB = 17.0 FT/SEC. 
QUESTIONABLE DATA POINT. t TURBULENCE INTENSITY TO HIGH TO MEASURE. - NO DATA P o l l  



TABLE A-I. Tabulation of Y e l o d t y  and Turbulence Data (contdl  

SECT a-8 TYPE I BLOCK A T  STA J~YINDOY 4 A T  CL ZONE 5 

dUN REYNOLDS Z Y U U/UB UP UP/U V V/U CUTOFF 
110 NO I N  I N  FT/SEC FT/SEC FTISEC - - KHZ 

b83174 10490'4. .578 2.625 33.26 1.958 4.34 . I 3 0  
dB3175 104904. .510 2.625 33.52 1,973 - - - - 3. 

b83176 104904. .443 2.625 33.85 1.992 - - - - 3. 

883177 104904. .309 2.625 33.08 1.947 - - - - 3. 

88317d 104904. . I 75  2.625 27.88 1.641 - - - - 3. 

- - 3. 
883179 10r904. ,041 2.625 18.49 1.088 - - - - 3. 
BB3I8U 10'4904. .712 2.625 32.52 1 . 9 1 U u . 8 7  . IS0 - - 3. 
bB3181 104904. ,846 2.625 32.27 1.899 4.21 . I30  - - 3. 
U83182 104904. .9d0 2.625 28.63 1.685 6.56 .229 - - 3. 
883183 104904. 1.114 2.625 17.12 1.008 + + 
883184 104904. 1.034 2.570 23.88 1.229 - - - - 3. 

- - 3. 
b83185 10"04. .900 2.570 26.88 1.582 - - 
883186 1OWO4. .765 2.570 25.89 1.52- - - - 3. 

- - 3. 
883187 104904. ,631 2.570 25.59 1.506 - - - - 3. 
883188 10r9ou. .56u 2.570 25.46 1.499 + + - - 3. 
U83189 10WOU. .564 2.524 16.22 ,955 + + - - 3. 
883190 104904. .698 2.524 18.52 1.090 - - - - 3. 
883191  104904. .a33 2.524 20.32 1.196 - - 
883192 104904. ,967 2.524 19.52 1.149 - - - - 3. 

- - 3. 
B83193 104904. 1.101 2.524 11.91 .701 - - - - 3. 
883194 104904. 1.034 2.680 22.55 1.327 - - - - 3. 
883195 104904. .900 2.680 33.11 1.949 - - - - 3. 
883196 104904. .765 2.680 J%.AU 2.050 - - - - 3. 
bB3197 104904. .b31 2.680 35.43 2.086 - - - - 3. 
U8319d 104904. .564 2.680 3 5 - 4 1  2.084 3.50 .099 - - 3. 
B83199 104904. .569 2.735 37.17 2.188 2 . 1 4 . 0 5 7  - - 3. 
883190 IOU904. .698 2.735 36.98 2.177 - - - - 3. 
883191 104904. .833 2.735 35.43 2.086 - - 
883192 10W04.  .967 2.735 27.69 1.630 - - - - 3. 

883193 10 r904 .  1.101 2.735 12.51 .737 - - - - 3. 
3. 

SECT 8-8 TYPE I BLOCK AT STA 3,YINGOY 4 AT CL ZONE 5 

HUN REYIIOLDS Z Y U UIUA UP UP/U V V/U CUTOFF 
NO NO I N  1N FT/SEC FT/SEC FT/SEC - - KHz 

8B3194 104904. .579 2.625 35.08 1.947 5.39 ,163 
B83195 104904. .512 2.025 33.40 1.966 - - - - 3. 

- - 3. 
883196 104904. .445 2.625 33.52 1.973 - - - - 3. 
883197 lU4904. .3lO 2.625 32.69 1.92- - - - 3. 
883198 104904. ,176 2.625 27.52 1.620 - - - - 3. 
dB3199 104904. .O42 2.625 2O.01 1.178 - - - - 3. 
883200 104904. .713 2.625 33.00 1.942 4.57 ,138 - - 3. 
b83201  104904. .897 2.625 32.19 1.895 4.61 . I 4 3  - - 3. 
883202 104904. .982 2.625 27.80 1.636 + + 
683203 109904. 1.116 2.625 17.24 1.015 + + - - 3. 

88320r  104904. 1.049 2.570 20.01 1.178 - - - - 3. 

- - 3. 
b83205 104904. .914 2.570 27.36 1.610 - - - - 3. 
883206 104904. .780 2.570 27.44 1.615 - - - - 3. 
883207 10q904. .6q6 2.570 26.45 1.557 - - - - 3. 
883208 1U4904. .579 2.570 26.44 1.556 + + - - 3. 
883209 104904. .579 2.515 15.96 .940 + + 
b83210 104904. .713 2.515 18.07 1.064 - - - - 3. 

- - 3. 
883211 104904. ,847 2.515 20.97 1.239 - - 
883212 104904. .982 2.515 19.48 1.147 - - - - 3. 

- - 3. 
883213 104904. 1.116 2.515 13.17 .775 - - - - 3. 
b83214 10q904. 1.049 2.680 18.35 1.080 - - - - 3. 
883215 104904. .919 2.680 31.58 1.859 - - - - 3. 
883216 104901. .780 2.680 35.29 2.077 - - - - 3. 
U83217 104904. ,646 2.680 36.12 2.126 - - - - 3. 
883218 104904. .579 2.680 36.11 2.126 2.89 .080 
Be3219 104904. .579 2.735 37.13 2.185 2.19 .059 - - 3. 

- - 3. 
883220 104904. .713 2.735 36.74 2.163 - - - - 3. 
883221  104904. ,847 2.735 33.00 1.912 - - - - 3. 
883222 104904. .982 2.735 17.94 1,056 - - - - 3. 
883223 104904. 1.116 2.735 11.09 ,653 - - 3. 

SECT U-B TYPE I BLOCK AT STA JrWINDOY 4 AT CL ZONE 6 

HUN REYNOLDS Z Y U U/UB UP UP/U V V/U CUTOFF 
NO NO IN IN F T / S E C  FT/SEC FT/SEC - - KHz 

be3144 104904. .583 3.875 36.99 2.178 .60 .016 
883145 101904. .516 3.875 36.99 2.178 - - - - 3. 

- - 3. 
683146 101904, .449 3.875 36.95 2.175 - - - - 3. 
883147 104904. .315 3.875 36.68 2.159 - - - - 3. 
883148 104904. . I 80  3.875 36.17 2.129 - - - - 3. 
883149 104904. .O4b 3.875 35.13 2.068 - - - - 3. 
883150 104904. .717 3.875 36.91 2.173 .57 .015 - - 3. 
883151  104904. ~ 8 5 1  3.875 36.66 2.158 .57 -016  - - 3. 
883152 104904. .986 3.875 36.20 2.130 .53 ,015 
883153 104904. 1.120 3.875 3q.97 2.058 .90 .026 - - 3. 

- - 3. 
683154 104904. 1.053 3.820 35.41 2.084 - - - - 3. 
B83155 10'4904. ,918 3.820 36.57 2.152 - - - - 3. 
883150 104904. .784 3.820 37.08 2.182 - - - - 3. 
683157 10'4904. .650 3.620 37.20 2.189 - - - - 3. 
883158 104904. .583 3.820 37.17 2.188 .56 .015 - - 3. 
883159 104904. ,583 3.765 37.44 2.204 - 6 6  ,018 - - 3. 
883160 104904. .717 3.765 37.46 2.205 - - - - 3. 
BB3161 10490r .  .851 3.765 37.22 2.191 - - - - 3. 
883162 104904. .986 3.765 34.00 2.001 - - - - 3. 
883163 104904. 1.120 3.765 27.21 1.602 - - - - 3. 
883164 104904. 1.053 3.930 35.41 2.084 - - 
883165 104904. .918 3.930 36.06 2.123 - - - - 3. 

- - 3. 
883166 104904. .784 3.930 36.09 2.12- - - - 3. 
883167 104904. .650 3.930 35.91 2.114 - - - - 3. 
883168 104904. .583 3.930 35.85 2.110 1.01 .028 - - 3. 
883169 104904. ,583 3.985 29.25 1.722 1.46 .050 - - 3. 
883170 IU4904. .717 3.985 29.56 1.740 - - - - 3. 
883171  104904. .851 3.985 30.40 1.789 - - - - 3. 
883172 104904. -986  3.985 30.14 1.774 - - - - 3. 
883173 104904. 1.120 3.985 28.87 1.699 - - 3. 

HYDRAULIC DIAMETER. D : .759 INCHES. AVERAGE VELOCITY. UB = 17.0 FT/SEC. 
* QUESTIONABLE DATA POINT. + TURBULENCE INTENSITY TO HIGH TO MEASURE. - NO DATA POINT. 



TABLE A - I .  T a b u l a t i o n  o f  V e l o c i t y  and  T u r b u l e n c e  D a t a  ( c o n t d )  

SECT d-U TYPE I ULUCK AT 5 T A  L,WIr<OUW U AT C L  ZONE 1 

hUl1  KEYI IOLUS Z Y U U/UB U P  U P / U  V 
1.10 110 Iii I N  F T / S E C  F T / S E C  F T / S E C  

dBL81b lU'90u. .579 . I 2 5  l l . b 7  ,687 t t 

bu2816 1Uu90r. .512 . I 2 5  12.86 ,757 - - 
~ 8 ~ 8 1 7  1 0 ~ 9 0 4 .  .44, .125 13.85 ,815 - - 
Ub281d IO*90%. .310 . I 2 5  15.57 ,916 - - 
Ub5819 10490%. . I 7 6  . I 2 5  16.b4 .980 - - 
8uL82u IU*9ou. .042 . I 2 5  15.85 .933 - - 
6bL821 10'4904. .713 . I 2 5  9.66 .557 t t 
b d i 8 2 2  104904. .847 . I 2 5  7.13 .420 t t 
b8282J  10'4904. ,982 . I 2 5  3.76 .221 t t 
bBL820 104904. .91+ .070 3.75 .220 - - 
6b2821  10W90'1. .780 .U70 b.74 .397 - - 
bb282d 104904. .646 .070 9.25 .544 - - 
662829 10q904. .579 .070 19.30 .bob t + 
bB283U 104904. .579 .U15 8.55 .SO3 + + 
bdL831  101904. .713 .U15 5.73 .337 - - 
b82832 10*904. .847 .015 2.58 ,152 - - 
dB283q 104904. 1.116 .015 - - - 
uU203o 106904. .914 . l a 0  5.96 .351 - - 
bb2837 10u9U4. .780 . I 8 0  8.83 .520 - - 
ub2836 106904. .666 . I 8 0  11.55 .be0 - - 
U82031 IO490U. .579 . I 8 0  12.51 .737 + + 
~ 8 2 3 4 3  1 0 e 0 4 .  .577 .235 12.81 .754 + + 
U82841 10q904. .713 .235 10.93 .643 - - 
b B 2 8 4 ~  10490'. .847 .235 8.42 .49b - - 
bBZ86J 104904. .982 .235 4.41 .260 - - 
u 8 i 8 4 r  106651. 1 . l l b  .235 - - 3.62 - 
5 E C T  11-0 TYPE I BLOCK AT 5 7 A  2,WINDOW 4 AT C L  ZONE 2 

V/U CUTOFF 
K H z  

3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 

HUN REYl4OLDS Z Y U U/UB UP U P / U  V V / U  CUTOFF 
!hO NO I N  I N  F T / S E C  F T I S E C  F T / S E C  - - K H z  

b82805 104904. .428 .750 4.80 .282 t + - - 3. 
~ b 2 8 O o  10 '490~ .  ."5 .750 6.35 .374 + + 3. 

i c C T  d-B TYPE I BLOCK AT S T &  ZPWINDOW 4 AT C L  ZONE 3 

h U N  KEYNOLUS Z Y U U/U@ U P  UP/U V V / U  CUTOFF 
NO NO IN IN FTISEC F T / S E C  FT/SEC - - KHZ 

bud775 104906. - 5 7 1  1.375 4.57 .2bY t t - - 3. 
bB277u 10'4904. .504 1.375 5.13 .302 - - - - 3. 
BB2777 104904. .437 1.375 5.39 .317 - - - - 3. 
bU2770 1 0 1 9 0 ~ .  .302 1.J75 b.14 .3b2 - - 3. 

a a 2 7 9 ~  
tIb2799 
dr(2800 
t162801 
BrtZB02 
bM2803 
b828OU 

HYURAUI 
r QUEST 

10U904. .839 
10%904. .97Y 
10u904. 1.108 

. IC  DIAMETER,  D 
I O N A B L E  DATA PO 

1.375 
1.375 
1.375 
1.375 
1.375 
1.320 
1.320 
1.320 
1.320 
1.265 
1.265 
1.265 
1.265 
1.265 
1.630 
1.630 
1.630 
1.630 
1.485 
1.r85 
1.485 
1.*85 
1.485 

= .759 
I N T .  

INCHES.  
t TURBUI 

AVERAGE VEL(  
-ENCE I N T E N S I T Y  DATA POINT.  



TABLE A-I .  Tabulation o f  Veloci ty and Turbulence Data (contd) 

StCT 2-6 TYPE 1 BLOCK AT STA 2.Wli4DOW 9 AT CL ZONE 5 

StCT o-8 TlPE I BLOCK AT S 1 h  % # h l l i 3 0 U  ii AT CL ZONE 6 

IMUI~ R L  I l . 0 ~ ~ 5  Z Y U UlUtI UP UP/U 

CUTOFF 
KHz 

3. 
3. 

CUTOFF 
KHz 

3. 
3. 
3. 
3. 

~ L C T  >-ti r l P E  1 c r ~ i l C ~  AT i T x  l ~ r l r ~ i ' 3 w  u nT CL zo ,E 1 

J 0 Z Y b I1/U' UP dP/U V V/U CUTOFF , 113 111 l i l  FT/SEC FT/SEC FT/SEC - - KHz 
v u r i v r  lU i9U, .  ,572 .125 9 . ~ 5  .5o,, + + 
5 0  Y .  .3O., ,125 9.117 . 5 3 i  - - - - 3. 

ou r ' 7uo  lu l5U11. .430 . I 2 5  8.79 . 5 i >  - - - - 3.  

u ~ i 5 ~ 1  10.9nii. .JO* ..25 7.72 .45- - - - - 3. 

o U L 3 u l  I J * 9 @ * .  ~ 1 7 0  .125 6 . l *  .3oZ - - - - 3. 

~ d c a u ,  1349J1. ,33> .1?5 4 . l a  .24d - - - - 3. 

ooc571  lU+PO+. . 7 0 i  .1?5 19.71 . h J l  2.53 .236 - - 3. 

7 1 0  ad41 . I 2 5  l l . l i 3  .b73 2.bR .L35 - - 3. 

~ 0 ~ 3 7 ~  10'.90+. .17a .125 11 .5 i  . b o l  + + - - 3. 

i.ui571r ld-t9U4. 1,109 .125 10.50 . o l l l  2.72 .259 - - 3. 

u ~ c j 7 . i  1 ~ ~ 9 1 1 ~ .  l.Oqz .i7!1 11.15 .6>7 - - - - 3. 

ubc=7:, 1U*9u+. . ~ U J  .070 11.50 .677 - - - - 3. 

~ 0 2 5 7 0  lU49nr .  ,774 .u70 11.09 .6,3 - - - - 3. 

ed2577 1 ~ 4 9 0 4 .  .632 .070 11.16 .590 - - - - 3. 

"62570 1 ~ 4 9 0 ~ .  .572 .070 9.68 .SOY + + - - 3. 

uoL57r  lu'904. .572 .J15 7.10 .u lX  - - - - 3. 

md25BU 10V904. .706 .015 8.20 .482 - - - - 3. 

ad2581 10*904. .&I .,I15 9.13 .537 - - - - 3. 

062582 lOL904. ,973 .u15 9 . ~ 7  .553 - - - - 3 .  

~ ~ 2 5 a ~  10+9UU. 1.109 8.61 .507 - - - - 3.  

6 ~ 2 3 8 4  1 0 r 9 0 r .  1.042 .180 11.31 .666 - - - - 3. 

~ 6 2 5 8 ,  10*90v.  .909 . l a 0  11.81 .695 - - - - 3 9 

ubLS6u 1 0 + 9 0 ~ .  .779 . l a 0  11.54 .679 - - - - 3. 

Ud2567 10*90*.  .639 .180 16.77 .634 - - - - 3. 

u d ~ s a o  1ui90q.  . 5 7 ~  . l a 0  1n.32 .607 + + - - 3. 

~ 8 2 5 8 9  104904. .572 .L35 1?.7* .b32 + + - - 3. 

ud2590 104909. .706 .235 11.54 .679 - - - - 3. 

bU259r lO*904. .641 .235 11.81 .695 - - - - 3. 

062592 104904. .975 .235 11.06 ,651 - - - - 3. 

M82593 104909. 1.109 .235 9.22 .543 - - - - 3. 

HYORAULIC DIAcETEHI 0 : .759 INCIIES. AVERAGE VELOCITY# U0 : I7.0 FT/SEC. 
3. 

* UUEaT10l4ABLE DATA POIIIT. + TURBULE~CE INTENSITY TO HlGH TO MEASURE. - NO DATA POINT. 



TABLE A-1. Tabulation of Velocity and Turbulence Data (contd) 

SECT 8-8 TYPE I BLOCK AT STA IPWINDOW 4 AT CL ZONE 2 

RUN REYNOLDS z Y u U/UB UP UP/U v V/U CUTOFF 
NO NO I N  I N  FT/SEC FT/<EC FT/<EC KHZ 

SECT 8-8 TYPE I BLOCK AT STA I WINDOW 4 AT CL ZONE 3 

RUN REYNOLDS Z Y U U/UB UP UP/U V V/U CUTOFF 
NO NO I N  I N  FTlSEC FT/SEC FT/SEC - - KHz 

882594 104904. ,571 1.375 11.45 .674 + + - - 3. 
882595 104904. .504 1.375 11.19 .659 + + - - 3. 
882596 104904. .437 1.375 10.67 .628 + t - - 3. 
882597 104904. .302 1.375 8.83 .520 + + - - 3, 
882598 104904. . I68  1.375 6.98 .411 + + - - 3. 
882599 104904. .034 1.375 5.07 .298 + + - - 3. 
882600 104904. .705 1.375 10.16 .598 + + - - 3. 
b82601 104904. .a39 1.375 8.30 .489 t + - - 3. 
881602 104904. ,974 1.375 6.08 .358 + + - - 3. 
88L603 104904. 1.108 1.375 3.58 ,211 + + - - 3. 
882604 104904. 1.041 1.320 4.69 .276 - - - - 3. 
68260b 104904. .90b 1.320 7.52 ,442 - - - - 3. 
882bOb 104904. .772 1.320 9.35 ,551 - - - - 3. 
882607 109904. .b38 1.320 18.95 .b45 - - - - 3. 
88260d 10'904. -571 1.320 11.09 .653 t t - - 3. 
tB2609 104904. .571 1.265 1Q.86 ,639 + + - - 3. 
dB2610 10'904. ,705 1.265 9.90 ,583 - - - - 3. 
882611 10'904. $839 1.265 8.43 .496 - - - - 3. 
882612 10'4904. ,974 1.265 5.94 .350 - - - - 3. 
882614 10'4904. 1.041 1.430 4.29 .253 - - - - 3. 
882615 10'4904. ,906 1.430 6.44 .379 - - - - 3. 
882616 10'4909. ,772 1.430 9.04 .532 - - - - 3. 
882617 10'4904. ,638 1.430 11.24 .661 - - - - 3. 
882618 10'4904. .571 1.430 11.57 .b81 t + - - 3. 
882619 104904. ,571 1.485 11.80 .694 t + - - 3. 
882620 104904. ,705 1.985 10.24 .602 - - - - 3. 
b82621 104909. .839 1.985 7.68 .452 - - 3. 

SECT 8-8 TYPE I BLOCK AT STA l#VINDOW 4 AT CL ZONE 5 

RUN REYNOLDS z Y u U/UB UP UP/U v V/U CUTOFF 
NO NO I N  I N  FT/SEC FT/SEC FT/SEC - - KHz 

882629 10'909. .579 2.625 2U.12 1.420 2.96 . I23  - - 3. 
882625 104904. .512 2.625 24.34 1.432 - - - - 3. 
882626 10490'4. .995 2.625 23.86 1.404 - - - - 3. 
882627 10490'4. .310 2.625 22.69 1.336 - - - - 3. 
882628 10490'4. ,176 2.625 21.43 1.261 - - - - 3. 
882629 10'490'4. ,042 2.625 18.87 1.111 - - - - 3. 
882630 10'490'4. ,713 2.625 23.05 1.357 3.12 . I35  

" - 3. 
882631 104904. .8 r7  2.625 22.01 1.296 3.34 . I52 - - 3. 
882632 104904. ,982 2.625 20.85 1.227 3.85 . I85  - - 3. 
882633 109904. 1.116 2.625 18.10 1.065 4.27 ~ 2 3 6  - - 3. 
882634 1or9or.  1.049 2.570 18.86 1.110 - - - - 3. 
882635 104904. ,914 2.570 21.59 1.271 - - - - 3. 
882636 1or9or .  ,780 2,570 22.55 1.327 - - - - 3. 
882637 104904. .646 2.570 23.62 1.390 - - - - 3. 
882638 104904. ,579 2.570 23.96 1.410 2.78 ,116 - - 3. 
882639 104904. .579 2.515 23.67 1.393 2.81 -119 - - 3. 
8 ~ 2 6 4 0  l o r 9 o r .  .713 2.515 22.98 1.552 - - - - 3. 
8 8 2 6 r l  1or9or.  ,847 2.515 22.03 1.297 - - - - 3. 
882692 104904. .982 2.515 19.77 1.16'4 - - - - 3. 
882643 104904. 1.116 2.515 15.03 .a85 - - - - 3. 
682649 104904. 1.099 2.680 19.41 1.142 - - - - 3. 
882645 104904. .914 2.680 21.03 1.238 - - 
882696 1D4904. .780 2.680 22.12 1.302 - - - - 3. 

- - 3. 
b82647 104904. ,646 2.680 23.87 1.405 - - - - 3. 
882698 10r904. .579 2.680 24.35 1.433 3.20 .IN - - 3. 
882699 109909. .579 2.735 24.59 1.999 3.92 . I39 - - 3. 
8 8 2 6 5 ~  1oq9oq. ,713 2.735 22.89 1.348 - - - - 3. 
882651 109904. .897 2.735 20.76 1.222 - - - - 3. 
882652 109909. .982 2.735 18.92 1.114 - - - - 3. 
B82653 104904. 1.116 2.735 1'4.76 .a69 - - 3. 

HYDRAULIC DIAMETERI D = .759 INCHES. AVERAGE VELOCITY, UB : 17.0 FT/SEC. 
QUESTIONABLE DATA POINT. t TURBULENCE INTENS~TY TO HIGH TO MEASURE. - NO DATA POINT. 



TABLE A-1. Tabulation of Veloclry and Turbulence Data 

SELT U-U TYPE 1 ULOCK A T  S T A  I.WII~UOW I) A T  CL ZONE 6 

HUN HEYNOLDS Z Y U 
NO 110 I N  I N  FTISEC 

bsLb56  109904. .583 3.875 26.54 
mblb53 IO490Y. .516 3.675 26.79 
882b56 104906. .449 3.875 27.69 
bB2657 IU4904. .315 3.875 28.29 
bB2658 104904. . l a 0  3.875 27.58 
b82659 104906. .06b 3.875 23.05 
B82660 104906. .717 3.675 28.60 
b8LUb l  1UW04. a851 3.875 29.46 
b82b62 lO'I904. .986 3.675 27.63 
u u ~ b b 3  1 0 ~ 9 0 6 .  1 . 1 2 ~  3.875 23.56 
bUL6b4 10'904. 1.053 3.820 27.06 
bBL66, 1U4906. .918 3.620 29.81 
oa2hbo 104906. .784 3.820 31.59 
OF32667 104906. .650 3.820 29.92 
a82600 10"04. .583 3.020 29.05 
bF326oY 104904. .583 3.765 31.20 
bBZb7U 1U4904. .717 3.765 32.46 
bbZb71 106904. .851 3.765 39.16 
bd267L 104906. .986 3.765 26.11 
bUL67J 104906. 1.120 3.765 21.59 
bd267q IUq906. 1.053 3.931 24.27 
=HZ672 lO"04. ,918 3.931 25.23 
dUZb7u 104906. .786 3.931 26.15 
bdZo77 1U4904. .650 3.931 24.33 
U0L67d IU4904. .583 3.931 23.b2 
~ ~ $ 2 6 7 ' 1  100404. .583 3.986 20.26 
h b ~ 6 8 b  10*906. .717 3.986 29.45 
u d ~ o d l  104904. .a51 3.986 21.18 
ud2bUL lO'IqO4. .90b 3.98b 19.58 
ud2or iJ 10'4904. 1.120 3.986 18.62 

b t C 1  0-8 TYPE I BLOCK AT STA 3#WIN30* 5 AT CL ZONE 1 

I ~ N  REIIIOLOS z Y u UI'JU UP UPIU 
8.0 h3 I l l  I N  FTISEC FTISEC 

bbJ07d 1U"W. .571 ,125 9.07 .534 1.43 -158  
a63079 10*904. .5(1+ . I 2 5  9.21 .542 - - 
bu'ueli I U . ~ ~ O U .  .*37 .IZS 9.21 .562 - - 
bBJO81 10'904. .3U2 . I 2 5  9.21 .542 - - 
~ 8 3 0 8 2  1U6904. . I 6 9  .125 9.19 .561 - - 
083U83 1049UU. .C3q . I 2 5  8.53 .502 - - 
us3066 1U*906. .705 . I 2 5  8.66 .510 1.52 . I 7 6  
bbJO83 IU*904. .03(1 . I 2 5  8.16 .670 1 .41  . I 7 3  
bb3U8o IUq90q. .074 . I 2 5  7.11 .619 1.55 .219 
bBJOIJ1 10+904. 1.100 . I 2 5  5.37 . 3 l "  + + 
UBJOOd 10'490r. 1.041 .U70 5.51 .32q - - 
bH30G7 l O r 9 0 r .  ,900 .070 7.01 .+ I3  - - 
603U90 1U490r+. ,772 .070 7.84 .461 - - 
00>091 10L904. .638 .070 8.35 .UY2 - - 
nnJO92 I O r 9 0 r .  .571 .070 8.55 .503 1.40 . I 6 4  
ad3093 10490q. a571 .015 7.13 .620 1.37 . I92  
d63U9q 111-9Ou. ,705 ,115 6.11 .300 - - 
~ ~ ~ 0 9 3  1 0 ~ 9 0 4 .  . 8 ~ 9  .UIS 5.76 . 3 ~ 9  - - 
bd3U90 IOq90q. a976 .015 4.69 .28R - - 
bu3097 104904. 1.108 .015 3.62 .225 - - 
tIdJO9o IU4906. 1.041 . I 5 5  5.75 .338 - - 
bdJ09Y 104909. .90b . I 8 5  7.61 .646 - - 
bd3IOU 104906. .772 . I 0 5  8.63 .5OY - - 
~ n 3 1 0 1  l u r 9 0 + .  .b3u . l a 5  9.04 .532 - - 
bB3102 1O*90*. .571 . I85  9.19 .541 1.60 . I 7 4  
bb3103 IO'C906. .571  .L4O 9.61 .554 1.71 ,182 
oUJ104 10"o~ .  .705 .24O 9.03 - 5 3 2  - - 
d d ~ l O >  IUv904. .a39 .ZrO B.20 .682 - - 
b d 3 l U u  IU9904. .97U .Lull 6.18 .3bU - - 
b63107 10*90r.  1 . 1 ~ 8  . r u n  4.10 .2u2 - - 

u 
FTISEC 

v VIU 
FTISEC - - 

- - - - - - - - - - - - 
- - - - - - - - - - - - - - 
- - - - - - 
- - 
- - 
- - - - - - - - - - - - - - - - - - - - - - 

CUTOFF 
KHz 

3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 

CUTOFF 
KHZ 

3. 
3. 
3. 
3. 
3. 
3. 

h E i T  U-8 TYPE 1 BLOCK AT STA 3 # l l l i ~ U W  5 AT CL ZONE 2 

kUN REYNOLDS Z Y U U/UO UP UPIU V VIU CUTOFF 
10 N3 I N  I f 1  FTISEC FTISEC FTISEC - - KHZ 

BDJlOd IUY90q. a703 .750 8.2U .485 2.08 .252 - - 3. 
ti63109 IOi~9UV. .676 .?SO 8.78 .517 2.21 ~ 2 5 2  - - 3. 
M d 3 l l u  10'4904. .669 .750 9.14 .538 2 . 2 4 . 2 4 5  - - 3. 
n w 1 1 1  IU*O+. . ~ Z L  .750 9.42 .555 + + - - 3. 
o n J I I L  10'4904. .590 .750 9.57 .563 1.48 ,260 - - 3. 
b63113 104906. .5b9 .750 9.56 .562 t + 3. 

b b J l l 3  I ~ + 9 0 q .  .515 .750 9.07 .534 2.26 .249 - - - - 3. 
683110 1Ur9ou. .4a8 .750 8.11 .477 2.08 ,256 - - 3. 
b 6 3 l l d  10q904. .730 .750 6.90 .40b t + 3. 

nrDHdJLIC DIAKETER, D : .759 INCHES. AVERAGE VELOCITY, UB = 17.0 FTISEC. 
~uE5Tlol . laBLE DATA POIf4T. + TURBULENCE INTENSITY TO HIGH TO MEASURE. - NO DATA POINT. 



TABLE A-1 . 
SECT 0-8 r l P E  I 8LOCK D 

Tabulation of Veloci ty and Turbulence Data 

( 1  i T A  3,ll l l l :Oh 5 AT CL ZONt 3 

RUN REYIIoLLS Z 
110 r.0 I N  

bB3OUb l U ' l 9 0 k  .572 
b63099 10'490% .505 
~ 6 3 0 5 3  1 0 1 + 9 @ k  .438 
~ 8 3 0 5 1  1u+904. .304 
863052 10V904. . I 7 0  
b 8 3 0 5 ~  10U904. .035 
bU305'4 IOU9@,4. .706 
bti3053 109904. .8'41 
683050 1 U Y 9 0 ~ .  .975 
BB3U57 IOr90v .  1.109 
U U ~ O S O  I U U ~ O V .  1.0'42 
bB3039 I U ' 4 9 0 ~ .  .90d 
d8306d 104904. .774 

CUTOFF 
KHz 

3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 

zECT I)-13 TYPE I ULUCK AT i T A  3ohI ' i l lOh 3 AT CL ZOllE U 

HUli HL)NoLJS z Y u u/UC UP UP/U V V/U CUTCFF 
,do N I  111 1'4 F T / S E C  F T /SEC FT/SEC KHZ 

SiCT ti-8 TYPE I BLOCK AT STA 3,WIbItlOW 5 AT CL ZONE 

iKUt4 HLYNoLuS z Y U U/U1 UP UP/U V V/U CUTIIFF 
140 Ill I I N  FT/SEC FT/SEC F T/SEC - - KHz 

8e.3010 1ur90u. .570 2.025 23.66 1.392 2.30 .097 3. 

bd502.5 104904. 1.039 2.570 18.32 i .079 - - - - - - 3. 
bbJO29 lUq9Ou. .?a5 2.570 21.2'4 1.250 - - - - 3. 
db3O33 10-0'4. .771 2.570 22.39 1 . 3 l f l  - - - - 3. 
on3031 IU490'4. .637 2.570 23.18 1.30'4 - - - - 3. 
bU3032 lO"904. .570 2.570 23.34 1.374 2.50 . I 0 7  - - 3. 
Btl3033 10'4904. .57U 2.515 23.02 1.355 2.56 . I 1 1  - - 3. 
B8303u 10490'4. .70'4 2.515 22.67 1 . 3 3  - - - - 5. 
D J J O J ~  10'490'4. .a38 2.515 21.97 1.264 - - - - 3. 
dB3030 10'490'4. .972 2.515 18.85 1.109 - - - - 3. 
b63037 10'490'4. 1.106 2.>15 14.11 .831 - - - - 3. 
083058 IUr9Oq. 1.039 2.080 18.73 l . l U 2  - - - - 3. 
8n5039 I O r 9 0 r .  .905 2.680 20.81 1.225 - - - - 3. 
Bb30'4U 10'4'304. .771 2.600 22.31 1.313 - - - - 3. 
o83OUI 1Uu90r. .637 2.680 23.65 1.397 - - - - 3. 
~ ~ 3 0 ' 4 2  10'4900. .570 2.680 23.81 1.402 2.48 .10'4 - - 3. 
u n ~ o ' 4 3  lov9ou .  .s70 2.730 2'4.03 1.4lo 2.71 ,113 - - 3. 
dB304'4 lO"90'4. ,704 2.730 22.89 1.348 - - - - 3. 
bd3045 1JU90v. .838 2.730 20.77 1.223 - - - - 3. 
bt l30qb 10'490'4. .972 2.730 18.87 1.111 - - - - 3. 
be3047 10-904. 1.106 2.730 15.31 .901 - - 3. 

HfORAULIC DIAMETEI~,  D Z .759 INCHES. AVERAGE VELOCITY* UB = 17.0 FT/SEC. 
r O U E ~ T I O N A ~ ~ L E  DATA POINT. + TUURULENCE INTENSITY TO HlGt l  TO MEASU:*E. - PI0 DATA POINT. 



TABLE A - I .  Tabulation of  Veloci ty  and Turbulence Data  (contd)  

SEL r  WE I LICK A T  51 4 3 r r i ~ c i ~ ~ ~  s ~r CL z o t i i  6 

H t t l l J ~ L 5  z Y U I I / U i  
110 111 i l l  FT/>LC 

10u90~+. .w 3.175 2 8 . ~ 0  1.6d0 
1 ~ 4 9 0 ' 1 .  .*27 3..)75 28.1)5 1.09r) 
Iu+~@-. ,363 3.075 2 x 5 3  1.702 
IO'+9U%. .22o 3.:175 3I.bU 1.802 
I ~ " 9 0 ' 1 .  .592 3.675 31.21 1.037 
10'1904. -.1143 3.075 29.01 1.7dJ 
I C - l @ c ,  .h29 3.075 3n.12 1.773 
IL't90'1. 3 6 3  3.875 29.71 1.743 
IO.4904. .897 3.075 2b.25 1.5'15 
IC490U. 1.131 3.075 24.59 1.U97 
IU490'1. .96'1 3.020 25.32 1.U90 
10490U. ,330 3.020 26.50 1.070 
Iu'190-. .by' 3.n20 32.57 1.917 
IU1*904.  . 5 b l  3.821) 26.'15 1.675 
10'490d. .49'1 S . U ? Q  28.75 l.b'32 
IO*Lir. .UYq 3.765 37.0R 1.770 
1 ~ 1 ~ 1 0 r .  .62', 3.765 29.97 1 . 7 ~ 9  
IOr90, i .  .703 3.765 2 9 . b l  1.74.3 
IU'904. ,497 3.765 25.79 1.51d 
IUqYO3. 1.331 3.765 21.26 1.192 
104904.  . 96 r  3.930 23.53 1.305 
lU190U. .H3J 3.930 26.58 1 . ~ ~ 7  
10190,i. .69n 3.930 25.12 ~ . i 1 7 4  
10+Y0'1. . 561  3."30 29.04 1.733 

SECT ,,-U TIPE 1 ULLCn AT ST4 21w111G0W 5 AT CL ZONE I 

CUTOFF 

d t 1 ~ 8 7 ~  1049uu. .831 .235 
a n z a 7 ~  104904. . 9 6 i  . 7 m  
U d ~ 8 7 q  IUU904. 1.IOU .535 

5 i L T  d - 0  TIPE 1 ULUCK AT S1A . 5 AT CL ZONE 3 

itUll Rt f f lOLLjS z Y 
i i U  iiu IC.1 Ill 

b d i 8 d u  IUG904. .583 1.375 
t 1 ~ 2 0 8 ' I  10990'1. .513 1.375 
OtI2R80 IUU904. ,4U, 1.275 
boLBdY IUU90u. .312 1.375 
d 0 ~ 3 9 U  1 0 4 9 0 ~ .  .17b 1.375 
Ud2891 l U U 9 0 ~ .  .093 1.375 
682892 10'4904. .71Y 1.575 
u d 2 8 9 ~  10U990. .H'19 1.375 
db2894 IU'90'r. .qa5 1.375 
b d l A Y ~  1U-90q. 1.117 1.375 
~ ~ 2 8 9 6  10490'1. 1.050 1.320 
nb2897 1~490'1.  . ? l o  1.320 
u o i 8 9 u  104904.  . l o ?  1.320 
do2899 100904.  .647 1.320 
nnc90u  10~90 '1 .  .580 1.520 
ut1.2901 10490%. .58d  1.265 
"62902 10U904. .71+ 1.265 
tId2YO3 l U " 9 0 ~ .  .(I49 1.265 
8b29Uq lU4104.  , 963  1.265 
d d l 9 0 >  I U - 9 0 r .  1.117 1.265 
~ b L 9 u ~  10490,+. 1.050 1.4311 
d L I ~ 9 0 7  IOUY3'1. ,910 1 . ~ 3 0  
~3UC90b 10'.90'. .782 1..130 
d d i 9 0 9  109904.  , 647  I.Q311 
b d i 9 1 J  10490'1. .5A0 1.u30 
t I d i 9 1 1  10090'1. .5OU I .uO5 
o62912 lU490q.  .71U 1.q85 
Bb2913 10490r .  .849 I.'1A5 
dBL91q IU"30U. .983 I .qD5 
t182915 10*904.  1.117 l . r a 5  

HYDRAULIC DIAuETEI~, u : .759 
~ U E ~ I I U I I A U L E  DATA POIIIT. 

J/UB IIP UP/II 
FT/SEC 

CUTOFF 
KHz 

3. 

.784 - - 

.689 - - 

.521 - - 

.66'1 - - 

.73l! - - 

.au3 - - 

.a51 - - 

.8b2 2.31 . I 5 8  

.a67 2.62 . I 7 8  

.829 - - 

.735 - - 

.bbZ - - 

.5'14 - - 
AVERAGE VELOCITY8 

LEI4CL lNTENSlTY TO HI POINT. 



TABLE A-1. Tabulat ion o f  Ve loc i t y  and Turbulence Data 
5ELT J-U TYPE 1 U L ~ C K  AT STA 2,WINCOW 5 AT CL ZONE 5 

CUTOFF 
KHZ 

b tCT  0-B l i P t  1 ULOCK AT STA 2,klNDOW 5 AT CL ZONE 6 

CUTOFF 
KHZ 

J. 
3. 
3.  
3. 
3.  
3.  
3.  
3.  
3.  
3.  
3. 
3 .  
3.  
3 .  
3 .  
3.  
3 .  
3 .  
3 .  
3.  
3. 
3.  
3. 
3 .  
3. 
3. 
3 .  
3. 
3.  
3.  

10S904. 
1US904. 
1U-90s. 
IOS9114. 
10490+.  
1US9[14. 
1u r90s .  
1U490s.  
1099[1+. 
10'490e. 
10*904.  
I lrs90LI. 
104901.  
1~1q904.  
10190". 
104904.  
10.90". 
1 0 + 9 0 ~ .  
1us901.  
1I1'90". 

-8 TYPE I 

V V/O CIJTOFI 
-T/SEC - - KHz 

- - 3. 

- - 3.  

- - 3.  

- - 3.  

- - 3. 
3.  

D . _ - - ~ L  1 . - 1  -. .71. 
3 c . .  .3.' 
JoL.3: I .-9C.. 1 .  .,, 
0 ~ 2 . 3 0  1.-93.. .Y12 

. ~ .  .. - - - -. 
8.09 .476 - - 3. 

INCHES. &VERAGE VELOCITY. UB : 17.0 FT/SEC. 
+ TURBULENCE INTENSITY TO HIGH TO MEASURE. - NO DATA POINT. 



m. Tabulation of Ve loc i t y  and Turbulence Data (contd) 

5tcr  d-u TYPE I ULOCK A T  S T A  l rw l t (oo l  5 A T  CL ZONE 2 

5 t ~ T  U-R TYPE I  LOCK AT ST* 1rn lNDOn 

~ -.- 
no NO 1*l lli FTISEC 

5 AT CL ZONE 3 

lJ/UR UP UP/U VIU CUTOFF 
KHZ 

3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 

SECT LI-8 TYPE I BLOCK AT 5TA l.YII4DOy 5 AT CL ZONE 4 

RUN RErNYLOS Z Y U U/UR UP UP/U V V/U CUTOFF 
NO NO I N  I N  FTISEC FT/SEC FT/SEC - - KHZ 

802363 10U904. .702 2.000 1k.26 .a39 - - - - 3. 
b823611 104909. .675 2.000 15.78 .929 2.65 . I 6 8  - - 3. 
Ud236b 1d"OY. .648 2.000 17.05 1.003 2.83 . I 6 6  - - 3 .  
B823bb 104904. . b21  2.000 17.89 1,053 3.32 . I 6 9  - - 3. 
682367  IOr9011. .59r  2.000 18.38 1.082 3.23 . I 7 6  - - 3. 
802366 10Q901. a567 2.000 18.59 1.09U 3.30 e l 7 8  - - 3. 
t i82369 10490r .  . 541  2.000 18.53 1.091 3.16 . I 70  - - 3. 
b8237u 10*904. . 51 r  2.000 18.09 1.065 3.10 . I 7 2  - - 3. 
bbL371  10 r90% .487 2.000 17.25 1.015 3.03 . I 7 6  - - 3. 
U02372 1Uu9011. .469 2.000 16.06 ,9115 2.78 . I 7 3  - - 3. 
UHi373 10490'+. .433 2.000 14." .a118 2.56 . I 7 8  - - 3. 
882374 10*90 r .  . 5%1 2.000 11.14 .656 + + 3. 

ttYORAULIC DIAMETER, 3 = .759 INCHES. AVERAGE VELOCITT# UB = 17.0 FTISEC. 
r OUESTION*RLE D A T A  POIIIT. + TURBULENCE INTENSITT TO H IGH TO MEASURE. - NO D A T A  POINT. 



TABLE A-1. Tabulat ion o f  Ve loc i t y  and Turbulence Data (contd) 

SECT d -8  TYPE I 3LOCK AT STA l,WINDO# 5 AT CL ZONE 5 

HUN REYNOLDS 
NO NO 

UP lU  

.OR3 

-090  
.09" 
. I 1 0  
. I 2 6  
. I 3 7  

.084 
~ 0 8 6  

.086 
,093 

v 
FTlSEC 

CUTOFF 
KHz 

3. 
3. 
3. 
3. 

StCT 8-6 TYPE I dLOCK AT STA I P W ~ N D O W  5 AT CL ZONE 6 

HUN 
NO 

b823O l  
~ 6 ~ 3 0 2  
b82303  
b6230" 
bB2303 
U823Ob 
682307  
8.32308 
882309  
b 8 ~ 3 l O  
t in2311 
b82312  
BBP313 
bbL314  
b82313  
Bn231b 
882317  
~ 8 2 3 1 9  
Ut i2319 
aUc32U 
La2321  
b82322  
882325  
a82324  
002325 
dB2326 
882327  
882328  
od2329  
882330  
8 8 2 3 3 1  

U lU8  UP UP lU  
FT l5EC 

1 . U 4  22.7 .085 
1.475 2.16 .086 
1 . 5 0 U l . 8 8  .073 

v 
FTlSEC 

CUTOFF 
KHZ 

3. 
3. 

- - -. 
1.124 1.88 ,099 3. 

AVERAGE VELOCITY# UB : 17.0 FTlSEC. 
.ENCE INTENSITY TO HIGH TO MEASURE. - NO DATA 

HYDRAULIC DIAMETER,-D : ,759 
* QUESTIONABLE DATA POIIIT. POINT. 



E w .  Tabulation of Yaloclty and Turbulance Dsra (csntd) 
SECT s-8 TYPE 11 BLOCK AT STA 3rYINDOW 3 AT CL ZONE 1 

RUN RETNOLDS Z Y U U/UB UP UPlU V YIU CUTOFF 
NO NO I N  I N  FT/SEC FT/SEC FT/SEC - - KHz 

8814V2 104904. ,576 . I 2 5  16.58 .976 1.10 ~ 0 6 7  - - 3. 
081943 10*909. -710 . I25  16.68 .982 1.02 -061 - - 3. 
6014U4 104909. .a95 . I25  16.67 .981 .88 -053 - - 3. 
8819U5 104904. a979 . I25  15.bY .921 -75 ~ 0 4 8  - - 3. 
8819Ub 104909. 1.113 . I25  13.83 ,819 .84 .060 - - 3. 
881947 109904. .576 .070 15.28 .900 1.19 ~ 0 7 8  - - 3. 
8814Y8 104904. ,576 .015 12.98 .764 1.16 -090 - - 3. 
b81949 104904. .576 ,180 17.68 1.041 .93 ~ 0 5 3  - - 3. 
681945 104909. .576 .235 18.96 1.086 .80 .043 3. 

SECT a-B TYPE I 1  BLOCK AT STA 3.bINOON 3 AT CL ZONE 3 

NUN REYNOLDS z Y u U/UB UP UP/U 
NO NO I N  I N  FTlSEC FTlSEC 

v VIU 
FTISEC - - - - - - - - - - - - - - - - - - 

CUTOFF 
KHz 

SECT 3-8 TYPE I 1  BLOCK AT STA 3~YlNOOw 3 AT CL ZONE 5 

RUN REYNOLDS Z Y U U/UB UP UP/U V VIU CUTOFF 
hO NO I N  I N  FT/SEC FT/SEC F TlSEC - - KHz 

b81415 109904. ,576 2.b25 21,bl 1.272 .64 ,029 - - 3. 
681916 109904. ,710 2.625 20.76 1.222 .85 .091 - - 3. 
861917 104909. .a45 2.625 19.96 1.145 -96 -050 - - 3. 
n81918 104909. .979 2.625 18.10 1.565 .95 .053 - - 3. 
B81919 10'4909. 1.113 2.625 16.22 .955 .96 .059 - - 3. 
8b1920 109909. .576 2.570 21.44 1.262 .73 .034 - - 3. 
881421 104909. .576 2.515 20.96 1 . 2 3 4 . 8 0  .038 - - 3. 
BH1922 109909. ,576 2,680 21.97 1.264 -70  ,033 - - 3. 
b81923 109909. .576 2.735 20.88 1.229 .79 .O38 3. 

SECT H-8 r Y P i  I 1  BLOCK AT ST* 3,YINDOw 3 AT CL ZONE b 

RUN REYNOLDS Z 1 U U/UB UP UP/U V V/U iUTOFF 
1kO NO I N  I N  FT/SEC FT/SEC FT/SEC KHZ 

SECT U-8 TYPE 11 BLOCK AT STA 2rYINDOW 3 AT CL ZONE I 

RUN REYNOLDS z Y 
hO NO I N  I N  

68770 109909. ,582 . I25  
b8771 109904. .649 . I25  
88771 lo r904 .  .716 . u s  
b8773 109909. ,783 . I25  
b877U 109904. .a50 . I 2 5  
08775 104904. ,917 . I25  
U8776 104904. .989 . I 2 5  
b8777 104904. 1.051 . I 2 5  
68778 10r904. 1.118 . I25  
88779 10r904. 1.186 
88780 10*904. 1.118 .070 
80781 10*90*. .98r .070 
bit782 109904. .a50 .070 
88783 104904. ,716 .070 
it0784 lOWD4. .582 .070 
16785 104909. ,582 .015 
68786 10*904. .716 .015 
bB7L7 10*909. .850 .015 
88788 IU4904. .989 .015 
68789 IO*904. 1.118 .015 
88790 10Y909. .582 ,180 
b8791 104909. .716 . I80  
b6792 109904. .a50 ,180 
68793 104909. .984 . I 8 0  
88794 10990u. 1.118 . I80  
80795 1 0 9 9 0 ~ .  1.118 . a 0  
00796 104904. .98+ .230 
Y6797 10V904. -850 .230 
88798 109904. ,716 ,230 
80799 104904. .582 .230 

HYDRaULlC DIAMETER, D 3 ,759 
* QUESTIONABLE DATA POINT. 

UP UP/U V V/U CUTOFF 
FT/SEC FT/SEC - - KHz 

1.16 .073 - - 3. 
1 - 1 0  -073 - - 3. 
1.08 .06* - - 3. 
1.00 .059 - - 3. 

.93 .056 - - 3. 

.93 .058 - - 3. 
a82 ,053 - - 3. 
- 7 6  ,052 - - 3. 
.84 .062 - - 3. 

1.05 . I 0 1  - - 3. 
.84 ,066 - - 3. 

1.00 .073 - - 3. 
I . O h O b 9  - - 3. 
1.23 .O8O - - 3. 
1.12 .070 - - 3.  

.98 .089 - - 3. 
1.06 .091 - - 3 9 

- 9 2  ,080 - - 3. 
.89 .OBR - - 3. 
.63 -070 - - 3. 

1.02 .Obl - - 3. 
.95 .054 3. 

17.76 1.046 .99 .056 - - 3; 
INCHES. AVERAGE VELOCfTYr U8 = 17.0 FT/SEC. 
t TURBULENCE INTENSITY TO HIGH TO MEASURE. - NO DATA POINT. 



ON - '3WlSV3W 01 HBIH 01 AlTSN31NI 33N3?88nl + 
'335/1~ ~ ' L T  r Bn ,AlI3?13A 31VH3AV 53H3N1 

.c - - CLO 86 68L' Ok'CT 

.C - - 5LO' IT'< 698: 9L'hI 

.C - - *LO' kT.1 906 6C'sT 
'C - - 280' 22.1 hL8' S8'hT 
.C - - h80: 52.T SLB' 98'CT 
.c - - 990 h1.1 SIO.1 kZmLT 
'C - - ILO' 22.1 STO.1 hZ'L1 
.C - - h90' kT'T 6hO.I ZR'LI 
.C - - 190. h0.T 800'1 CT'LI 
.c - - SS0. L8' 5C6' 88.51 
'C - - OLD' CO.1 OL8' WL'h1 
.C - - 290' 5011 066. 28.91 
'C - - 9h0' La bZT.1 60'61 
.c - - CEO. 99' hL1.1 56'61 
.c - - CEO' 59' 9LI.I 86'61 
.c - - LhO. 16' 8F1.1 hC.61 
.C - - LhO' 16' SC1.1 62'61 
.C - - 6CD' SL' kC1'1 L2.61 
.c - - 050' 06' 250'1 L8'LT 
'C - - 250' 98' 186. L9.91 
.C - - 650. 68' 668' LZ'PI 
.c - - hh0. CL' 6L6' C9.91 

: f - - Lh0: 18: 020.1 2C.LI - - hhO 08 090.1 10.81 
'C - - IhO. LL' 560.1 09'81 
.F - - 6hO' C6' CO1.1 SL.81 
.C - - 550. CO'T 860'1 S9.81 
.c - - L5O' hO.1 180.1 LC.81 
.C - - 650' LO.1 hLO.1 52.81 
'C - - 850' LO.1 6LO.T hC.81 
ZHY 335/13 335/13 335/1d 

j d o ~ n 3  n/n A nldn dn en/n n 

.c - - 

.c - - 

.c - - 

.c - - 

.c - - 

.c - - 
-c - - 
'C - - 
'C - - 
'C - - 
.c - - 
.c - - 
.c - - 
'C - - 
'C - - 
'C - - 
'C - - 
.c - - 
.c - - 
.c - - 
: f - - - - 
'C - - 
.c - - 
.c - - 
.c - - 
'C - - 
.c - - 
.c - - 
.c - - 
'C - - 
'C - - 
ZHY 335/13 

33Oln3 n/h A 

6CLBR 
RELfl'1 
LCLOR 
9CLRR 
5CLBR 
kCL8R 
CCL8A 
ZCLOR 
TCLOB 
OCLW 
6ZLRR 
8ZLAR 
LZLQS 
92LBQ 
sZLRR 
hZLRq 
CZLRA 
ZZLBW 
TZLUQ 
OZLAR 
6 I L W  
81LBR 
LlLRR 
91L89 
SILRB 
~ T L E R  
CTLUR 
ZILflP 
ITLBR 
OILRB 
Oh' 

NnH 

OSO. 
hCO. 
5LO' 
ZLG. 
950' 
LEO. 
TED. 
TCO. 
6CO' 
6h0' 
550' 
690' 
890 ' 
9L0. 
890' 
who' 
hhO. 
Tho' 
SkG. 
290. 
OLO. 
096 
COT' 
h90' 
CSO* 
950' 
090' 
950. 
who. 
6CO' 
CEO' 
9CO' 

n/dn 

989YU 
OWOYR 
6OLRR 
8OLBR 
LOLRW 
90LOfl 
SOLRQ 
kOL11'I 
C O L m  
ZOLRR 
TOLBR 
OOLAR 
669Ag 
8698r1 
LbORR 
9 b 9 W  
5698q 
h69Rq 
C69Rq 
2698R 
169'111 
069811 
6098P 
889AR 
L'39RB 
9898- 
589118 
h898O 
C0988 
Z89AB 
1898U 
08988 
ON 
Nnl 

LLL 1-7MN8 



5ELT M- 

RUN 

.. Tabulation of Y e  

AT 5TA 1,YliJDOd 

, l o c i t y  and Turbulence Dat 
3 CL-O.5.ZONE I 

REYNOLDS Z 
NO I N  

104904. .391 
10*90*. .458 
10Q904. .525 
10+904. .592 
10q904. ,659 
104904, .727 
10'904. .794 
10*904. .a61 
104904. .928 
10Q90Q. .995 
10Q904. .995 
10W04.  a928 
10Q904. .861 
10q904. .794 
10WO4. a727 
IOWO*. .659 
104904. .592 
10WOU. .525 
104904. .458 
1 0 9 9 0 ~ .  .391 

-0,TYPE 11 BLOC6 

CUTOFF 
KHz 

3. 
3. 
3. 
3. 
3. 

SECT 8. 

RUN 
1.10 

CUTOFF 
KHz 

3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 

SECT U 

HUN 
110 

CUTOFF 
KHZ 

3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 

SECT d-BITYPE 11 BLOCK AT STA 

RUN REYNOLDS Z Y U U/UM UP UP/U V V/U CUTOFF 
FT/5EC FT/SEC FT/SEC - - KHZ 
20.38 1.199 a74 ,036 - - 3. 
21.14 1.185 .83 .041 - - 3. 
19.74 1.102 .81 .0*1 - - 3. 
18.93 1 . 1 1 u . 7 6  .o r0  - - 3. 
19.95 1.17q .73 -037  - - 3. 
20.88 1,229 - 6 8  .032 - - 3. 
21.26 1.251 .69 .032 3. 

1NCHES AVERAGE ELOCITY, UB : 17.0 FT/SEC. 
+ TUROLLENCE INTENS~T~ TO HIGH T O  H E ~ ~ ~ U R E .  - No DATA 

- -. 
1.10 NO Ill 1N 

bdb3O 10,904. .59& 1.375 
bB631 104904. .665 1.375 
b8632 109904. .732 1.375 
U B ~ J J  1 0 3 9 0 ~ .  ,799 1.375 

. - ~ - 

H Y J R A U L ~ ~  O ~ A , ~ E T E < ,  D = .759 
r ~UCZTIOI~A~LE DATA POIlrT. POINT. 



TABLE R - I .  T a b u l a t i o n  o f  V e l o c i t y  and Turbulence D a t a  ( c o n t d )  -- 
S t c T  A-u T I P  11 ~LL 'CY .  AT i T 4  l , l . l , i ~ , O ~  3 CL-O.~,ZOIIFS 

V V/U CUTOFF 
FT/SEC - - KHZ 

3. 

V V/U CUTOFF 
FT/SEC - - KHz 

3. 

SECT a-8 TYPE 1 1  8LOCr AT 5TA 3rWIhIOOw iI AT CL LON5 3 

HUIl REY~.IOLUS Z Y U ~J / 'd l i  UP UP/U V V/U CUTOFF 
r ~ n  " 0  4 [:.I F T / S E C  F T ~ S E C  FT/SEC 

?J 1.375 8.97 .999 + + - - KHz 
3 .  

9.60 .565 + t - - 
19.91 1.172 3.06 . I S 3  - - 
23.56 1.387 1.2U ~ 0 5 3  - - 
23.72 1.396 1.30 - 0 5 5  - - 

INCHES. ~VERAGE VELOCITY, UB = 17.0 FTISEC. 
+ TURBULENCE INTENSITY TO HIGH TO MEASURE. 

- -. 
bB123J  104909;  .75c 1.485 
@t i1234 10'+909. .b25 1.U85 

HYORAULIC DIAMETEHI D = .759 
* QUE5TlONA8LE DATA POIIIT. DATA POINT. 



ZHY 
3jo1n3 

rod VIVO 31evb1011~3nn I 

C .n313YVIa 3 1 1 n V 8 0 ~ ~  
OZ1.1 hO6hOT h6ZTER 
986' 'hO6hOI C6ZTE4 
158. 'hJ6h01 26ZTRR 
LTL' 'h06h01 T6ZTRR 
C85' 'h06h01 O6ZIRq 
C85' 'hO6hOT hBZIR9 
LIL' 'hObh01 10214R 
150' 'h06hllI L021EQ 
OR6' 'nO6hOT OR2119 
021.1 'h0bhOI CRZrRQ 
021.1 'b06hOI *0214n 
986' 'hOb*OT C9214!3 
158: 'b06h01 7HZlRR 
LTL 'h06h01 IBZ190 
ens' .no6*01 O R Z T R ~  
C05' 'nobcol c ~ z r R 4  
LTL' 'h0bhOI RLZTBR 
IS@' 'hO6bOl LLZIPO 
Oeb' 'hU6hOI aL2TPR 
021.1 '*06h?I SLZIBq 
LPT'I 'nO6hOT hLZIRR 
021'1 'hO6hOl CLZI!39 
rs0.1 '+06+01 7LZTRq 
seb' '*06so1 TLzTua 
n16' .*06*1ir O L Z I R ~  
I 'hO6bOT h9ZIEQ 
f'0L' 'h06+01 09ZIOR 
LIL' 'hO6bOT 19214!3 
OS9' 'hObh01 99ZTEO 
'20%' 'hUbbn1 G9ZIRQ 
I OE! 011 
2 SiYlOb113tl llnr 

9 3 Y O Z  1 3  1 1  h *00111U'C VlS 1 V  X3GlF IT 3dll H-P 1335 

LLL 1-1MN8 



TABLE A - 1 .  Tabulation of Ve loc i t y  and Turbulence Data (contd) 

SECT d-8,TIPE I 1  BLOCK AT STA 2,WINDOw 4 AT CL ZONE 1 

HUN REYNOLDS Z Y U U/UB UP UP/U V V/U 
NO NO I N  I N  FT/SEC FT/SEC FT/SEC 

~ 8 9 0 5  104904. .596 . I 2 5  7.31 .430 + + - - 
bB906 10g904. ,663 . I 2 5  7.38 .435 + + - - 
68907 104904. .731 . I25  7.50 .442 + + - - 
bB908 104904. .798 . I 2 5  7.54 .444 1.93 ,256 - - 
B6909 104904. ,865 . I 2 5  7.62 .449 + + - - 
bB910 104904. .932 . I 2 5  7.65 .450 + + - - 
bBY11 104904. ,999 . I 2 5  7.59 .447 + + - - 
bBY12 104904. 1.066 .125 7.47 .440 + + - - 
8b913 104904. 1.133 . I 2 5  7.24 .426 + + - - 
LIB914 104904. 1.200 . I 2 5  6.35 .374 + + - - 
b8915 10S904. 1.133 . I 8 0  7.09 . 4 l 7  + + - - 
B8916 104904. .999 . I80  7.68 ,452 + + - - 
88917 104904. .863 . I80  7.78 ,458 + + - - 
B8918 104904. .731 . I80  7.87 .403 + + - - 
bB919 104904. ,596 . I80  7.69 .453 1 . 9 b 2 5 2  - - 
BB920 104904. ,596 .235 8.09 .476 1.89 .234 - - 
bb921 104904. ,731 .235 8.10 .477 1.99 .245 - - 
bd922 104904. .865 .235 7.87 .463 1.88 .239 - - 
BEY23 104904. .999 .235 7.42 .437 + + - - 
BE924 104904. 1.133 .235 6.60 .388 + + - - 
bU925 104904. 1.133 ,070 7.06 .416 + + - - 
88926 104904. .999 .070 7.46 .439 + + - - 
86927 104904. .863 .070 7.28 .428 + + - - 
BbY28 104904. .731 .070 7.06 ,416 + + - - 
BO929 104904. .596 .070 6.84 .402 + + - - 
Bb930 104904, ,596 .015 6.00 ,353 + + - - 
B0931 104904. ,731 .015 6.17 ,563 + + - - 
bB932 104904. .865 .015 6.45 .380 + + - - 
bB933 10W04.  .999 .015 6.56 .366 + + - - 
86934 104904. 1.133 .015 6.30 .371 + + - - 
SECT J-0 TYPE 11 BLOCK AT STA 2 YIhDOh 4 AT CL ZONE 2 

CUTOFF 
KHz 

3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 

HUN REYNOLDS Z Y U U/UU UP UP/U V V/U CUTOFF 
i.10 NO I N  I N  FT/SEC FT/SEC FT/SEC KHz 

bb1113 104904. .735 .750 11.13 .655 - - .14 .01 - 
u b l l l b  104904. .702 .750 13.06 .769 - - .76 .O6 - 

SECT d-B,TYPE I 1  DLOCK AT STA 2,WINDOu 4 AT CL ZOrdE2 

nUN REYNOLDS Z Y U U/UH UP UP/U V V/U CUTOFF 
mv0 r10 IN IN FT/SEC FT/SEC FT/SEC KHZ 

SECT 0-8, TYPE I 1  dLOCK AT ST? 2,WINDOh 4 AT CL ZONE 3 

HUN REYI~OLLS Z Y U u/UR UP UP/U V V/IJ CUTOFF 
110 YO I N  I t 4  FT/SEC FTISEC FT/SEC - - KHz 

bBb70 1 0 r 9 0 r .  .boo 1.375 18.43 1.085 2.49 -135  - - 3. 
bUU71 10*904. .b68 1.375 18.62 1.096 2.20 a118 - - 3. 
bbb72 104904. ,735 1.375 18.56 1.093 2.22 . I 2 0  - - 3. 
ba673 10490*. .802 1.375 18.29 1.076 2.13 . I 1 7  - - 3. 
bb674 104904. .8bY 1.375 18.64 1.062 2.01 . I 1 2  - - 3. 
b8875 104904. .930 1.375 17.78 1.046 2.00 a112 - - 3. 
m b 7 6  10+90*. 1.003 1.575 17 .W 1.029 1.95 . I 1 1  - - 3. 
bb877 10*904. 1.070 1.575 17.06 1.004 1.92 . I 1 2  - - 3. 
uBa78 104904. 1.137 1.375 Ib.48 .970 1.76 . I 0 7  - - 3. 
dud79 10*904. 1.204 1.375 14.55 .a57 1.80 ,124 - - 3. 
0ubUU 10'4904. 1.137 1.370 15.85 .933 1.71 . I08  - - 3. 
bbb81 109904. 1.003 1.320 17.48 1.029 1.92 . I10  - - 3. 
n n 8 8 ~  101904. . 8 w  1.320 18.25 1.074 2.0- .113 - - 3. 
88d83 1db904. .733 1.320 18.72 1.102 2.04 . I 0 9  - - 3. 
M d 8 4  l0+904 .  .600 1.320 18.84 1.109 2.12 . I 1 2  - - 3. 
dbd85 10*90r.  .bUO 1.265 19.18 1.120 2.15 a112 - - 3. 
oub8b 104901. .735 1.265 18.86 1.113 2.06 ,109 - - 3. 
~ 8 4 6 7  lUU9O4. .a69 1.205 18.40 1.083 1.91 . I 0 4  - - 3. 
8dddJ 10'904. 1.003 1.205 17.10 1.036 1.80 . I06  - - 3. 
ad089 10'4904. 1.137 1.265 13.83 ,814 1.71 . I 2 3  - - 3. 
B8OYO 104906. 1.137 1.430 16.20 .957 1.69 .LO4 - - 3. 
a6891 104904. 1.003 1.+30 17.36 1.022 1.91 . I 1 0  - - 3,  
bB692 10'90'4. .069 1.*30 17.91 1.054 1.92 ,107 - - 3. 
bbU93 lU*904. .735 1.430 18.54 1.091 2.24 . I 2 1  - - 3. 
eB694 1Sr9Ot.  .600 1.*30 18.21 1.072 2.72 . I 4 9  - - 3. 
bdb95 104904. ,600 1.485 18.15 1.0-8 2.96 ,163 - - 3. 
bbU9b 10"WU.  .735 1.485 ld .80  1.107 2.40 8132 - - 3. 
~8.97 10'4904. .86Y 1.485 17.bb 1.039 2.06 . I17  - - 3. 
d W 9 d  10'904. 1.003 1.485 16.83 .992 1.54 .091 - - 3. 
bYOY9 10*904. 1.137 1.485 14.24 .83A 1.57 . I 1 1  3. 

SLCT d-BvTYPE I 1  BLOCK AT STA 2 r W l N D o ~  4 AT CL,ZONE 4 

HUN HEYNOLbS z Y u U/UO UP UP/U v V / U  CUTOFF 
1.0 N3 i t1 I N  FTISEC FT/SEC FT/SEC - - KHz 

b8obU IO*9Or. .737 2.000 16.95 .998 1.97 . I 1 6  - - 3. 
a d o b l  10'4904. .boy 2.U00 22.71 1.357 1.54 .068 - - 3. 
bbb62 10'490l. .602 2.000 25.17 1.482 .85 .034 - - 3. 
b6a63 IOWO*. .533 2.000 24.40 1.436 1.41 .058 - - 3. 
an664 104904. .4o8 2.030 19.15 1.127 2.23 . I 1 6  - - 3. 
bb865 10490q. .%a 1.950 17.99 1.039 2.75 . I 5 3  - - 3. 
6Bob6 1 ~ * 9 0 U .  .335 1.950 23.20 1.366 2.04 .a88 - - 3. 
eeb67 1U4904. .602 1.950 24.75 1.457 1.24 .050 - - 3. 
dBb68 104904. .66y 1.950 23.07 1.358 1.36 .059 - - 3. 
be669 104904. .737 1.950 18.06 l.Ob3 1.79 .099 3. 

HYDHAULIC DIAMETEH. D c .759 INCHES. AVERAGE VELOCITY, UB = 17.0 FT/SEC. 
* dUESTlOl4ABLE DATA P0114T. + TURBULENCE INTENSITY TO HIGH TO MEASURE. - NO DATA POINT. 


























































