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ABSTRACT 

T h i s  r e p o r t  d e s c r i b e s  work performed as p a r t  of t h e  LACE Code- 

Experiment Comparison P r o j e c t  % which is  sponsored by the  Electr ic  Power 

Research I n s t i t u t e  (EPRI P r o j e c t  No .  2135-18). The r e p o r t  p r e s e n t s  and 

summarizes comparisons of test r e s u l t s  and a e r o s o l  computer-code calcula- 

t i o n s  f o r  LACE LA3, which c o n s i s t s  of t h r e e  s e p a r a t e  experiments  denoted 

as LMA, U 3 B ,  and LA3C. A l l  of t h e  LACE rests were performed a t  t h e  

Westinghouse Hanford Engineer ing  Development Labora tory  (HEDL), which is 

o p e r a t e d  by t h e  Westinghouse Hanford Company f o r  t h e  U.S. Department of 

Energy (US/DOE). 

"containment  bypass" acc iden t  sequence cond i t ions .  In each test ,  measur- 

ments were made t o  c h a r a c t e r i z e  a e r o s o l  t r a n s p o r t  through a 0.063-m 

d i a m e t e r ,  28.8-m l e n g t h  steel p ipe ;  v a r i a b l e s  in t h e  experiments  inc luded  

t h e  gas  f low v e l o c i t y  through t h e  p i p e  and t h e  mass r a t i o  of t h e  cesium 

hydroxide  (CsOH) and manganese oxide (MnO) a e r o s o l s  i npu t  t o  t h e  p i p e .  

R e s u l t s  from c a l c u l a t i o n s  performed f o r  each of t h e  t h r e e  experiments  a r e  

p r e s e n t e d  and d i scussed  i n  t h e  r e p o r t .  

The LACE LA3 t es t  series w a s  performed t o  s imula t e  

v i i  
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SUMMARY OF POSTTEST AEROSOL CODE-COMPARISON RESULTS FOR 
LWR AEROSOL CONTAINMENT EXPEKIMENT (LACE) L A 3  

A .  L. Wright 
I?. C. Arwood 

1 .  INTRODUCTION 

The Light-Water Reactor  (LWR) Aerosol  Containment Experiments (LACE) 

have been performed t o  i n v e s t i g a t e ,  a t  l a r g e  scale, t h e  a e r o s o l  r e t e n t i o n  

behavior  i n  r e a c t o r  coo lan t  system p ip ing  and i n  containment under simu- 

l a t e d  s e v e r e  LWR acc iden t  cond i t ions .  An a d d i t i o n a l ,  and e q u a l l y  impot- 

t a n t ,  o b j e c t i v e  of t h e s e  tests is  t o  provide  a d a t a  base f o r  v a l i d a t i n g  

a e r o s o l  behavior  computer codes and r e l a t e d  thermal-hydraul ic  computer 

codes.  The LACE tes t  p r o j e c t  is i n t e r n a t i o n a l l y  funded and has  been 

performed a t  t h e  Hanford Engineer ing  Development Laboratory (HEDL) - 
opera t ed  by t h e  Westinghouse aan fo rd  Company - under t h e  l e a d e r s h i p  of an 

o v e r a l l  p r o j e c t  board and the  Electr ic  Power Research I n s t i t u t e  (EPRI). 

The o v e r a l l  LACE p r o j e c t  has  two components: ( 1 )  t h e  experiments  

be ing  performed a t  HEDL and ( 2 )  a e r o s o l - t r a n s p o r t  and thermal -hydraul ic  

code-comparison a c t i v i t i e s .  The a e r o s o l - t r a n s p o r t  code-comparison a c t i v i -  

t ies are being coord ina ted  a t  the Oak Ridge Na t iona l  Labora tory ,  whi le  

t h e  thermal -hydraul ic  code-comparison a c t i v i t i e s  are being coord ina ted  a t  

In t e rmoun ta in  Technologies ,  Inc .  ( I T I )  i n  Idaho F a l l s ,  Idaho. For each 

of t h e  s i x  LACE tests, pretest and p o s t t e s t  a e r o s o l  code c a l c u l a t i o n s  are 
be ing  performed. The ORNL code-comparison a c t i v i t i e s  i nc lude  (1) pro- 

v i d i n g  guidance t o  p a r t i c i p a t i n g  a e r o s o l  code a n a l y s t s  t o  he lp  them i n  

performing c a l c u l a t i o n s ,  ( 2 )  compiling t h e  r e s u l t s  from c a l c u l a t i o n s ,  and 

( 3 )  c r i t i c a l l y  e v a l u a t i n g  t h e  code r e s u l t s  and comparisons a g a i n s t  t h e  

t es t da ta .  

T h i s  r e p o r t  summarizes t h e  r e s u l t s  from the  p o s t t e s t  c a l c u l a t i o n s  

performed f o r  tes t  series LA3,  which c o n s i s t e d  of t h r e e  experiments  

denoted as LA3A, LA3l3, and LA3C.  The LA3 tes t  series w a s  designed t o  

s i m u l a t e  LWR "containment bypass" (V-sequence) acc iden t  cond i t ions .  The 

c a l c u l a t i o n s  were " b l i n d "  i n  t h a t  t h e  code a n a l y s t s  d id  not have access 
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t o  t h e  LA3 r e s u l t s  when they  performed t h e i r  c a l c u l a t i o n s .  A s  def ined  

i n  t h e  LA3 t es t  p l a n , l  t h e s e  t h r e e  experiments  addressed  a e r o s o l  beha- 

v i o r  du r ing  f low through a n  0.063-m d iame te r ,  28.8-m l e n g t h  p i p e  f o r  

s imula t ed  "containment bypass'e a c c i d e n t  sequence cond i t ions .  The tests 

were performed €or  va r i ed  f low v e l o c i t i e s  through t h e  test p ipe  and f o r  

v a r i e d  MnO/CsOH a e r o s o l  sou rce  mass r a t i o s .  

The next  s e c t i o n  ( S e c t i o n  2)  of t h i s  r e p o r t  p r e s e n t s  an o v e r a l l  

d e s c r i p t i o n  of t h e  LACE LA3 test series. The s e c t i o n  then  summarizes t h e  

d e f i n e d  code i n p u t s  and r eques t ed  code o u t p u t s  f o r  t h e  LA3 p o s t t e s t  calcu-  

l a t i o n s .  S e c t i o n  3 of t h e  r e p o r t  p r e s e n t s  t h e  tes t  r e s u l t s  and t h e  r e s u l t s  

from t h e  code c a l c u l a t i o n s .  S e c t i o n  4 t h e n  p r e s e n t s  an  e v a l u a t i o n  of t h e  

t es t  and code-comparison r e s u l t s  f o r  each of t h e  t h r e e  LA3 tests. 

F i n a l l y ,  a summary of che r e s u l t s  and i n s i g h t s  ga ined  from t h e  LA3 pos t -  

t e s t  code-experiment comparisons i s  p resen ted  i n  t h e  f i n a l  s e c t i o n  of t h e  

r e p o r t .  

2. SUMMARY OF CODE INPUTS AND REQUESTED CODE OUTPUTS 
FOR  LA^ PosTrwr CALCUTATTONS 

F i g u r e  1 i l l u s t r a t e s  t h e  exper imenta l  set-up € o r  t h e  LA3 tes ts ;  

a d d i t i o n a l  d e t a i l s  are p resen ted  i n  t h e  LA3 t es t  p l a n e 1  

a e r o s o l s  were i n j e c t e d  i n t o  a 0.063-m-diam, 28.8-a-long tes t  p ipe  which 

had s i x  90" bends. The a e r o s o l  i n j e c t i o n  pe r iod  f o r  each t e s t  w a s  60 

min, and du r ing  t h a t  t i m e  pe r iod ,  a i r b o r n e  a e r o s o l  c o n c e n t r a t i o n  and s i z e  

measurements were made upstream and downstream of t h e  28.8-m long ,  

cons tan t -d iameter  s e c t i o n  of t h e  t e s t  p ipe .  

C s O H  and MnO 

The major tes t  parameters  i n  t h e  LA3 t es t  series were (1)  t h e  gas 

f low v e l o c i t y  through t h e  tes t  p ipe  and ( 2 )  t h e  MnO/CsOH a e r o s o l  mass 

r a t i o  i n p u t  t o  t h e  tes t  pipe.  The approximate va lues  o f  t h e s e  parameters 

€ o r  t h e  LA3 tests were:2 

Exp e r i m e  n t v(m/s 1 MnO/CsOH mass r a t i o  

LA3A 7 7  5.0 

LA3B 25 7.5 

LA3C 2 4  1 . 4  
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9s a po in t  of r e f e r e n c e ,  f o r  tes t  LA1 flow v e l o c i t i e s  v a r i e d  from 100 m / s  

a t  t h e  p ipe  i n l e t  t o  200 a t  t h e  o u t l e t ,  and t h e  MnO/CsOH r a t i o  was equa l  

t o  1.35 (based on mass ba lance  d a t a ,  as t h e  LA3 v a l u e s  a r e ) .  Note t h a t  

t h e  LA1 and LA3 v e l o c i t i e s  are h ighe r  t han  those  expected i n  V-sequence 

a c c i d e n t  cond i t ions .  

Two letters d e s c r i b i n g  a e r o s o l  code i n p u t s  f o r  t h e  LA3 p o s t t e s t  

c a l c u l a t i o n s  were s e n t  t o  LACE program p a r t i c i p a n t s .  The f i r s t  l e t te r3  

provided t h e  i n i t i a l  set  of i n s t r u c t i o n s  f o r  t h e  LA3 c a l c u l a t i o n s .  The 

second le t te r4  provided c o r r e c t e d  d a t a  f o r  t h e  a e r o s o l  source  t o  t h e  test  

p i p e  f o r  each experiment .  Table  1 d e s c r i b e s  t h e  sou rces  of d a t a  f o r  u se  

i n  t h e  LA3 p o s t t e s t  c a l c u l a t i o n s .  Much of t h e  d a t a  f o r  t h e s e  c a l c u l a -  

t i o n s  was conta ined  on IBM f loppy d i s k s  - i n  t h e  form of t e x t  f i l e s  named 

LA3THlO.TXT, LA3THlO.DAT, LA3TH11.DAT9 and LA3TH12.DAT - t h a t  were Grans- 

m i t t e d  t o  t h e  p r o j e c t  p a r t i c i p a n t s .  

T a b l e  2 summarizes t h e  t e s t - p i p e  geometry f o r  t h e  L43 series. 

C a l c u l a t i o n s  were performed t o  model p ipe  s e c t i o n s  4 th rough 2 1  - t h e  

28.8 m l e n g t h  of p ipe  wi th  a cons t an t  diameter of 0.063 m. Note t h a t  

t h e r e  were s i x  90" bends i n  t h e  p o r t i o n  of t h e  t e s t  p i p e  t h a t  w a s  

modeled - 
Aerosol  source  rate and s i z e  d a t a  f o r  t h e  LA3 c a l c u l a t i o n s  are 

p r e s e n t e d  i n  Tables  3-8. Aerosol  a n a l y s t s  had t h e i r  choice  of us ing  (1) 

t ime-averaged o r  ( 2 )  time-dependent a e r o s o l  source  in fo rma t ion  f o r  t h e i r  

c a l c u l a t i o n s ;  t h i s  w a s  an improvement over  t h e  s i t u a t i o n  f o r  t he  prev ious  

LA1 c a l c u l a t i o n s .  Measurements of a e r o s o l  source  rates and s i z e s  were 

made a t  sampling s t a t i o n  T5 which is l o c a t e d  i n  t h e  bend i n  p ipe  s e c t i o n  

l b  ( s e e  Table  2 ) .  However, s i g n i f i c a n t  a e r o s o l  d e p o s i t i o n  d i d  occur  i n  

p i p e  s e c t i o n s  2 and 3; t h e r e f o r e ,  t h e  measured a e r o s o l  s i z e s  do not t r u l y  

r e p r e s e n t  t hose  t h a t  e n t e r  s e c t i o n  4 of t he  p ipe  ( u n f o r t u n a t e l y ,  we can- 

n o t  estimate t h e  e r r o r  i n  c a l c u l a t e d  a e r o s o l  d e p o s i t i o n  f o r  t h e  LA3 tests 

a s s o c i a t e d  wi th  the  u n c e r t a i n t y  i n  a e r o s o l  sou rce  s i z e s ) .  

Tab le  9 p r e s e n t s  a summary of t h e  gas  f low-ra te  d a t a  sou rces  f o r  t h e  

LA3 c a l c u l a t i o n s .  We see t h a t  f o r  t h e  LA3 tests gas  Elows through t h e  

t es t  p i p e  were a sum of steam, n i t r o g e n ,  hel ium, and argon f lows.  

However, a l l  a e r o s o l  t r a n s p o r t  codes do no t  i nc lude  t h e  c a p a b i l i t y  t o  
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Table  1. Summary of i n f o r m a t i o n  needed f o r  LA3 
b l i n d  p o s t t e s t  p i p e  c a l c u l a t i o n s  

CODE INPUT DATA WHERE INFORMATION FOUNDa 

1. T e s t  p i p e  geometry, l a y o u t :  

2 .  Aerosol  s o u r c e  parameters :  

3. Aerosol  agglomera te  d e n s i t y  
and shape  f a c t o r s :  

4 .  T e s t  p i p e  t empera tu res :  

5. T e s t  p ipe  p r e s s u r e s  : 

6 .  T e s t  p i p e  f low r a t e s :  

Tab le s  1 , 2  i n  LA3THlO.TXT and Table  2 
in t h i s  r e p o r t .  Only p i p e  s e c t i o n s  4- 
2 1  t o  be used i n  c a l c u l a t i o n s .  

Tab le s  3-5 i n  LA3THlO.TXT and Tab les  
3-8 i n  t h i s  r e p o r t .  

To be s p e c i f i e d  by code use r .  
LA3A THEORETICAL SOLID DENSITY, based 
on s o u r c e  mass r a t i o s  = 4.9 g/cm3. 
LA3B THEORETICAL SOLID DENSITY , based 
on  s o u r c e  mass r a t i o s  = 5.2 g/crn3. 
LA3C THEORETICAL SOLID DENSITY , based 
on s o u r c e  mass r a t i o s  = 4 . 5  g/cm3. 

LA3A: Tab le  A.3, A.4 i n  LA3THlO.DAT. 
LA3B: T a b l e  B.3, B.4 in LA3THll.DAT. 
LA3C: Tab le  C.3, C.4 i n  LA3TH12.DAT. 
L o c a t i o n s  of thermocouples  i n  t e s t  
p i p e  p r e s e n t e d  i n  Table  7 i n  
LA3THlO.TXT. 

LA3A: Table  A.2 i n  LA3TYlO.DAT. 
LA3B: Tab le  B.2 i n  LA3THll.DAT. 
L M C :  Table  C . 2  i n  LA3TH12.DAT. 
L o c a t i o n s  of p r e s s u r e  gauges i n  t e s t  
p i p e  p r e s e n t e d  i n  Table  7 i n  
LA3TH10. TXT . 
LA3A: Table  A . l  i n  LA3THlO.DAT and 
S e c t i o n  G i n  LA3THlO.TXT; a l s o  
summarized in Tab le  9 o f  t h i s  r e p o r t .  
LA3R: T a b l e  B . 1  i n  LA3THll.DAT and 
S e c t i o n  G in LA3THlO.TXT; a l s o  
summarized in Table  9 of t h i s  r e p o r t .  
LA3C: Table  C . l  i n  LA3TY12.DAT and 
S e c t i o n  G i n  LA3THlO.TXT; a l s o  
summarized i n  Tab le  9 of t h i s  r e p o r t .  

aRefe r s  t o  t a b l e s  on LBM-format f loppy  d i s k s  s u p p l i e d  by 'rlEOL s t a f f .  



6 

Table 2 .  LA3 t es t  p ipe  geometrya 

S e c t i o n  P i p e  F l o w  D iame t er Length 
NO e D e s c r i p t i o n  D i r e c t i o n  (cm> (m> 

la 
I b  
IC 
2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
1 3  
1 4  
15 
16 
17 
18 
19 
20 
2 1  

22 
2 3a 
2 3b 

S t r a i g h t b  
90" Bend 
Reducer 
Ball Valve 
Reducer 

S t r a i  gh t C 

90" Bendd 
B a l l  Valve 
S t r a i g h t  
90" Bendd 
S t r a i g h t  
S t r a i g h t  
90" Bendd 
S t r a i g h t  
S t r a i g h t  
90" Bendd 
S t r a i g h t  
Ball Valve 
90" Bendd 
S t r a i g h t  
90" Bendc 
B a l l  Valve 
S tr a igh  t 

Transit i o n  
S t r a i g h t b  
90" Bend 

E a s  f 
__ 
UP 
UP 
UP 

West 
Ides t 

South 
South 

East 
East 

North 
North 

Down 

West 
West 

West 
West 
UP 

30 
30 
30-10 
10 
10-6.3 

6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 

6.3-30 
30 
30 

1.52 
0.72 
0.28 
0.23 
0.28 

2.26 
0.38 
0.19 
4.20 
0.38 
2.58 
4.32 
0.38 
4.32 
3.17 
0.38 
1.84 
0.19 
0.38 
2.15 
0.38 
0.19 
1.09 

1.17 
1.95 
0.58 

aFor LA3 p o s t t e s t  c a l c u l a t i o n s ,  ONLY Sec t ions  4 through 2 1  were 

bAerosol samples taken a t  downstream end of each 30-cm p i p e  s e c t i o n .  

CWall scoops l o c a t e d  a t  downstream ends of v e r t i c a l  p ipe  s e c t i o n s .  

dRadius of p i p e  bends i n  6.3-cm pipe  i s  95 mm. 

modeled. The o v e r a l l  l e n g t h  of Sec t ions  4-21 i s  28.78 m. 
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Table  3 .  Aerosol  s o u r c e  ra te  d a t a  f o r  t es t  LA3Aa 

CsOH MnO T o t a l  
T i m e  s o u r c e  rate s o u r c e  rate s o u r c e  rate 
(min) ( g / s )  ( g / s )  ( g / s )  

Ob 
1.3 
4.3 

10.3 
19.3 
26 ,3  
29.3 
32.3 
35.5 
41.7 
44.3 
47.3 
50.3 
56.3 
59.3 

60b 

0.105 
0.105 
0.080 
0.078 
0.108 
0.108 
0.134 
0.097 
0.101 
0 097 
0.101 
0.083 
0.108 
0.101 
0.103 
0.103 

0.774 
0.774 
0.702 
0.614 
0.096 
0.132 
0.093 
1 e051 
0.882 
0.807 
0.680 
0.594 
0 -439 
0.239 
0.127 
0.127 

0.879 
0.879 
0.783 
0.691 
0.204 
0.240 
0.229 
1.147 
0.982 
0.904 
0.781 
0.677 
0.547 
0.340 
0.230 
0.230 

. C s O H  average  source  rate from mass ba lance  = 0.0992 g / s  
Mn0 average  s o u r c e  ra te  from mass ba lance  = 0.4933 g / s  
T o t a l  ave rage  s o u r c e  rate from mass ba lance  = 0.5925 g / s  

D u r a t i o n  of a e r o s o l  s o u r c e  = 0 t o  60 min 

aAerosol  s o u r c e  rate vs  t i m e  v a l u e s  p r e s e n t e d  above ob ta ined  by 
n o r m a l i z i n g  measured s o u r c e  ra te  d a t a  so t h a t  t h e  i n t e g r a t e d  ave rage  
s o u r c e  rate e q u a l s  t h e  average  s o u r c e  rate de termined  from t h e  mass 
b a l a n c e  d a t a .  

v a l u e s  a t  t h e  n e a r e s t  measurement t i m e s .  
bSource rate v a l u e s  a t  0 and 60 min assumed t h e  same as t h e  
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Table 4.  Aerosol  source  rate d a t a  f o r  t e s t  U3Ba 

cson MnO T o t a l  
T i m e  sou rce  ra te  source  rate source  r a t e  
(min) ( d S >  ( g / s >  ( g / s >  

Ob 
1.3 
4.3 

10.2 
19.2 
26.3 
29.2 
32.2 
35.2 
41.4 
44.3 
50.2 
56.3 
59.2 

60b 

0.275 
0.275 
0.110 
0.068 
0.132 
0.091 
0.102 
0.084 
0.089 
0.068 
0.077 
0 e o 7 2  
0 -079 
0.077 
0.077 

0.979 
0.979 
0.985 
0.934 
0.254 
0.716 
0.677 
0.662 
0.565 
0.749 
0 785 
0 e 925 
0.976 
0.933 
0.933 

1.254 
1.254 
1.094 
1.003 
0.386 
0.807 
0.779 
0.746 
0.654 
0.817 
0.862 
0.997 
1.055 
1.010 
1.010 

C s O R  average source  ra te  from mass balance  = 0.0975 g / s  
MnO average source  r a t e  from mass balance  =: 0.7533 g / s  
T o t a l  average source  rate from mass balance  = 0.8508 g / s  

Dura t ion  of a e r o s o l  source  = 0 to 60 min 

aAerosol sou rce  rate vs t i m e  va lues  p re sen ted  above obta ined  by 
normal iz ing  measured source  ra te  d a t a  so  t h a t  t h e  i n t e g r a t e d  average 
S O U F C ~  ra te  equa l s  t h e  average source  ra te  determined f rom t h e  mass 
ba lance  da t a .  

bSource r a t e  va lues  a t  0 and 60 min assumed t h e  same as t h e  
v a l u e s  a t  t h e  n e a r e s t  measurement times. 
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Table 5 .  Aerosol  sou rce  ra te  d a t a  f o r  test  U 3 C a  

cson MnO T o t a l  
sou rce  rate T i m e  sou rce  rate source  rate 

( m i d  ( g l s )  ( g / s )  ( g l s )  

Ob 
1.3 
4.3 

10.5 
19.1 
26.2 
29.3 
32.0 
35 .2  
41.2 
44.2 
50.2 
56.2 
59.2 

6 0 b  

0.187 
0.187 
0.175 
0.254 
0 0 3 1 4  
0.310 
0.324 
0.291 
0.323 
0.311 
0 e 282 
0.267 
0.205 
0 .268  
0 i 268 

0.349 
0.349 
0.347 
0.425 

0 a 266 
0.062 
0.315 
0.464 
0.495 
0.434 
0.434 
0.468 
0.433 
0.433 

o 384-  

0.536 
0.536 
0 .522  
0.679 
0.698 
0.577 
0 e 386 
0.607 
0 787 
0.807 
0 716 
0 ,701  
0.673 
0.701 
0.701 

CsOH average  source  rate from mass balance  = 0.2726 g / s  
MnO average  source  rate f rom mass ba lance  = 0.3870 g / s  
T o t a l  average  source  rate from mass balance  = 0.6596 g / s  

Dura t ion  of a e r o s o l  sou rce  = 0 t o  60 min 

aAerosol  sou rce  rate vs t i m e  va lues  p re sen ted  above ob ta ined  by 
no rma l i z ing  measured source  ra te  d a t a  so t h a t  t h e  i n t e g r a t e d  average  
s o u r c e  rate equa l s  t h e  average  source  ra te  determined f r o m  t h e  mass 
ba lance  da ta .  

va lues  a t  t h e  n e a r e s t  measurement t i m e s .  
bSource ra te  va lues  a t  0 and 60 min assumed t h e  same as t h e  



Table 6. Aerosol source s i z e - d i s t r i b u t i o n  d a t a  f o r  tes t  M3A 

C s O H  C s O H  CsOH CsOH MnO MnO MnO MnB Mixed Mixed Mixed Mixed 

d5 I) dg AMMD s t a n d a r d  % A W  s t anda rd  d50 % Time  AW%D standard d50 
(min) (urn)  d e v i a t i o n  (pm) (urn) (urn) d e v i a t i o n  (urn) (urn) (urn) d e v i a t i o n  ( u r n )  (urn)  

Using s o l i d  ma te r i a l -dens i ty  values": 

7.25 3.00 3.33 1.564 0.020 0.90 2.09 0.386 0.076 1 .20 2.25 0.542 0.075 
23.25 1.30 1.62 0.678 0.337 0.62 2 . 1 1  0.256 0.050 0.92 1.85 0.416 0.134 
39.75 1.91 1.97 0.996 0.251 2.62 1.83 1.123 0.376 2.50 1.84 10 129 0.370 
53.25 1.30 1.67 0.678 0.308 0.56 2.32 0.240 0.029 0.87 1.95 0.393 0.103 

P 0.506 0.099 1.37 I .97 0.619 0.156 0 Mean 1.88 2.15 0.980 0.169 9.18 2.09 

Using one-half of s o l i d  ma te r i a l -dens i ty  values": 

7.25 3.00 3.33 2.212 0.029 0.90 2.09 Q.546 0.107 1 .20 2.25 0.767 0.107 
23.25 1.30 1.62 0.958 0.477 0.62 2.11 0.376 0.071 0.92 1.85 (3.588 0.189 
39.75 1.91 1.97 1.408 0.355 2.62 1.83 1.589 0.531 2.50 1.84 1.597 0.524 
53.25 1.30 1.67 0.958 0.435 0.56 0.43 0.340 0.040 0.87 1.95 0.556 0.146 
Mean 1.88 2.15 1.386 0.239 1.18 1 .62 0.715 0.356 1.37 1.97 0.875 0.220 

aThe published C s O H  s o l i d  d e n s i t y  i s  3.68 g/cm3; t h e  pub l i shed  MnO s o l i d  dens i cy  i s  5.44 g/cm3. Based 
I n  t h e  t a b l e  on the  average a e r o s o l  sou rce  rates presented i n  Tab le  3 ,  t h e  mixture s o l i d  d e n s i t y  i s  4.9 g/cmS. 

above, the  mass-median diameter  i s  d 5 ~ ;  and t h e  geometr ic  mean d i ame te r ,  dg, was c a l c u l a t e d  us ing  t h e  formula: 
l n ( d g )  = l n ( d 5 0 )  -3. [ ln(o,)12,  where og i s  t h e  geometr ic  s t anda rd  d e v i a t i o n .  



Table 7. Aerosol source size-distribution data for test LA3B 

CsOH CsOH CsOH CsOH MnO MnO MnO MnO Mixed Nixed Mixed Mixed 

dg AMMD standard d5G 
($m> 

dg AMMD standard ti;;;, dg Time AMMD standard dL,o 
(min) (Lm) deviation ($m) (bm) (,.A) deviation (hm) (bm) (elm) deviation (elm) 

Using s o l i d  material-density valuesa: 

7.25 
23.25 
38.25 
53.25 
Mean 

7.25 
23.25 
38.25 
53.25 
Hean 

2.81 1.78 1.465 0.540 2.64 1.82 1.132 0.386 2.66 1.81 
2.41 1.79 1.256 0.454 2.63 1.86 1.128 0.355 2.28 1.89 
2.50 1.82 1.303 0.444 2.19 1.90 0,939 0.273 2.23 1.88 
2.50 2.48 1.303 0.110 2.50 2.48 1.072 0.090 2.50 2.48 
2.56 1.97 1.334 0.336 2.39 2.02 1.025 0.233 2.42 2.01 

Using one-half of solid material-density valuesa: 

2.81 1.78 2.072 0.764 2.64 1.82 1.601 0.546 2.66 1.81 
2.41 1.79 1.777 0.643 2.63 1.86 1.595 0.502 2.28 1.89 
2.50 1.82 1.843 0.629 2.19 1.90 1.328 0.386 2.23 1.88 
2.50 2.48 1.843 0.155 2.50 2.48 1.516 0.128 2.50 2.48 
2.56 1.97 1.887 0.47’5 2.39 2.02 1.449 0.329 2.42 2.01 

1.166 
1 .ooo 
0,978 
1.096 
1.061 

1.650 
1.414 

1.550 
1.501 

1.383 

0.406 
0.296 
0.296 
0.092 
0.246 w P 

0.574 
0.419 
0.418 
0.131 
0.348 

aThe published C s U H  solid d e n s i t y  is 3.68 g/cm3; the published EanO solid density i s  5.44 g/cm3. Based 
o n  the average aerosol source rates presented in Table 3 ,  the mixture solid density is  5.2 g/cm3. 
t a b l e  above, t h e  mass-median diameter is dso; and the geometric mean diameter, dg was formulated using the 
fo rmula :  

In the 

Ln(dg) = ln (d5o)  -3- [ l n ( D g ) 2 ,  where ag is the geometric standard deviation. 
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Table 9. Summary of LA3 gas flow-rate data 

Gas flow 
Experiment 

LA3c - LA3 A LA3 B 

Steam and nitrogen Table A.l, Table B . l ,  Table C.1, 
LA3THlO.DAT LA3THl1. DAT LA3TH12.DAT 

Cesium system 0.0030 kg/s 0.0024 kg/s 0.0024 kg/ s 
nitrogen 

Helium 0.0006 kg/s  0.0006 kg/s 0.0006 kg/s 

Argon 0.0008 kg/s 0.0008 kg/s 0.0008 kg/ s 



1 4  

c a l c u l a t e  t h e . p r o p e r t i e s  of t h e  gas  mixtures  used i n  t h e  LA3 tests ( t h e  

Uni ted  Kingdom and I t a l i a n  TRAP-MELT2 v e r s i o n s  do i n c l u d e  t h i s  

c a p a b i l i t y ) .  

F i n a l l y ,  Table  10 summarizes t h e  r eques t ed  code ou tpu t  parameters  

f o r  t h e  LA3 b l i n d  c a l c u l a t i o n s .  Note t h a t ,  as f a r  t h e  LA9 c a l c u l a t i o n s ,  

t h e  code a n a l y s t s  were r eques t ed  t o  provide  in fo rma t ion  f o r  each “ c o n t r o l  

volume” modeled i n  t h e i r  c a l c u l a t i o n s ,  and a l s o  t h a t  they were f r e e  t o  

choose how they wanted t o  n o d a l i z e  t h e  test p ipe .  We asked each a n a l y s t  

t o  p rov ide  in fo rma t ion  on t h e  amount of c a l c u l a t e d  d e p o s i t i o n  and t h e  

d e p o s i t i o n  v e l o c i t i e s  f o r  each impor tan t  d e p o s i t i o n  mechanism i n  t h e i r  

c a l c u l a t i o n s .  A s  shown i n  Tab le  9 ,  w e  r eques t ed  code ou tpu t  d a t a  f o r  

f o u r  t i m e s .  However, s i n c e  t h e  a c t u a l  d e p o s i t i o n  d a t a  could only  be 

o b t a i n e d  by a p o s t t e s t  mass ba lance ,  f o r  t h e  most p a r t  w e  on ly  used t h e  

d a t a  provided f o r  t=3,600 s. 

3. PRESENTATION OF TEST AND CODE RESULTS FOK TEST LA3 

The LA3 b l i n d  p o s t t e s t  p ipe  c a l c u l a t i o n s  were performed by e i g h t  

i n v e s t i g a t o r s .  The codes used and t h e  a f f i l i a t i o n s  of t h e  code a n a l y s t s  

are l i s t e d  i n  Table  11. F ive  “TRAP-MELT’n c a l c u l a t i o n s  were performed 

i n c l u d i n g  (1) t h r e e  TRAP-MELT2 c a l c u l a t i o n s  ( t h e  UK and I T  v e r s i o n s  of 

TRAP-MELT2 have enhanced c a p a b i l i t i e s  over  t h e  r e f e r e n c e  v e r s i o n ) ,  

( 2 )  one c a l c u l a t i o n  w i t h  t h e  MCT-2 code (which i n c l u d e s  TRAP-HELT2 a s  a 

module) ,  and ( 3 )  one c a l c u l a t i o n  u s i n g  TRAP-MELT2.2, an updated v e r s i o n  

o f  t h e  o r i g i n a l  TRAP-MELT2 code. The AEKOSIX-M code i s  a c t u a l l y  a con- 

ta inment  a e r o s o l  t r a n s p o r t  code; b u t ,  as i t  was a p p l i e d  i n  LA1 c a l c u l a -  

t i o n s  and i n  LA3 p r e t e s t  c a l c u l a t i o n s ,  i t  was used i n  a “Lagrangian“ 

mode ( fo l lowing  an a e r o s o l / g a s  packet  moving down t h e  p i ?e )  f o r  t h e  LA3 

p o s t  tes t  c a l c u l a t i o n s .  The RAFT code, which w a s  developed a t  Argonne 

N a t i o n a l  L a b o r a t o r i e s ,  w a s  developed t o  p r e d i c t  t h e  format ion  and 

t r a n s p o r t  of f i s s ion -p roduc t  a e r o s o l s  i n  LWK r e a c t o r  coolan t  systems;  

t h i s  w a s  t h e  f i r s t  t i m e  t h a t  i t  w a s  a p p l i e d  t o  p r e d i c t  LACE r e s u l t s .  The  

HAA4 code w a s  t he  only log-normal code used f o r  t h e  LA3 c a l c u l a t i o n s  ( a l l  

o t h e r  codes were d i s c r e t e  p a r t i c l e - s i z e  d i s t r i b u t i o n  codes) .  MA4 w a s  

o r i g i n a l l y  a containment a e r o s o l  t r a n s p o r t  code. However, i t  w a s  

modi f ied  so t h a t  i t  could be used t o  c a l c u l a t e  t h e  length-wise v a r i a t i o n  

of  a e r o s o l  d e p o s i t i o n  i n  p ipes ,  under t h e  assumption t h a t  no a e r o s o l  
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Table  10. Summary of reques' ted code ou tpu t  parameters f o r  
LA3 b l i n d  p o s t t e s t  c a l c u l a t i o n s  

OUTPUT TIMES ( s ) :  600, 1200, 2400, 3600 

OUTPUT PARAMETERS AND UNITS: 

A .  FOR EACH PIPE  CONTROL VOLUMEa, AT EACH OUTPUT TIME: 

1. Aerosol  mass depos i t ed  i n  EACH c o n t r o l  volume - f o r  NIXED 
a e r o s o l  and f o r  EACH s p e c i e s  - i n  grams. PLEASE PROVIDE 
THIS FOR EACH DEPOSITION MECHANISM THAT WAS IMPORTANT - 
t u r b u l e n t  d e p o s i t i o n ,  d e p o s i t i o n  i n  bends, s e t t l i n g ,  
thermophores i s ,  etc. 

2 .  Calcu la t ed  d e p o s i t i o n  v e l o c i t i e s  f o r  t u r b u l e n t  d e p o s i t i o n ,  
d e p o s i t i o n  i n  bends, d e p o s i t i o n  by s e t t l i n g ,  and 
thermophore t ic  d e p o s i t i o n  - i n  EACH c o n t r o l  volume - in 
c m f  s. 

3.  Airborne a e r o s o l  s i z e  i n  EACH c o n t r o l  volume - f o r  N I X E D  
a e r o s o l  and f o r  EACH s p e c i e s  ( i f  p o s s i b l e ) :  p rovide  t h e  
aerodynamic mass-median d iameter  - iil um - and t h e  
geometr ic  s t anda rd  d e v i a t i o n  - dimens ionless .  

B. AT THE PIPE OUTLET, FOR EACH OUTPUT T I d E :  

1. Cumulative a e r o s o l  mass - f o r  MIXED a e r o s o l  and f o r  EACH 
s p e c i e s  - t r a n s p o r t e d  out  of t h e  tes t  p i p e .  

2, Airborne a e r o s o l  s i z e  t r a n s p o r t e d  ou t  02 t h e  t e s t  p i p e  - 
f o r  MIXED a e r o s o l  and f o r  EACH s p e c i e s  ( i f  p o s s i b l e ) :  
p rovide  t h e  aerodynamic mass-median d iameter  - i n  urn - 
and t h e  geometr ic  s t anda rd  d e v i a t i o n  - dimens ionless .  

aCode a n a l y s t s  were t o  de te rmine ,  based on t h e i r  own judgement, t h e  
number of c o n t r o l  volumes needed t o  model t h e  test p ipe  f o r  each 
c a l c u l a t i o n .  We asked,  however, that: they  provide  us wi th  t h e  reques ted  
in fo rma t ion  f o r  EACH of t h e  assumed c o n t r o l  volumes. 
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Table  11. Summary of codes used f o r  LA3 c a l c u l a t i o n s  

Codea Code a n a l y s t  Af f i l i a t t c r n  

AEROS IM-M (UK) M. Kissane  

HAA4 (RI) 

MCT-2 (NYPA) 

E. Vaughan 

P. B ien ia rz  

RAFT (FN) J. Jok in iemi  

TRAl?-MELT2 ( IT)  F. Pa rozz i  

TW-MELT2 (JPJ) K. Tateoka 

TRAP-MELT2 (UK) D. W i l l i a m s  

TRAP-MELT2.2 (BCL) V .  Kogan 

Uni ted  Kingdom, 
Atomic Energy Au thor i ty ,  
S a f e t y  and R e l i a b i l i t y  

D i r e c t o r a t e  

United States ,  
Rockwell I n t e r n a t i o n a l  

Uni ted  States ,  
New York Power Au thor i ty ,  
Risk  Management 

A s s o c i a t e s  

F in l and  
Techn ica l  Research Cen t re  

I t a l y ,  
ENEL-Thermal and Nuclear  

Research  Cen t re  

Japan ,  
Atomic Energy Research 

I n s  t i  t u  t e 

Uni ted  Kingdon, 
Atomic Energy Au thor i ty ,  
AEE Winf r i t h  

Uni ted  S t a t e s ,  
Bat te l le  Columbus 

L a b o r a t o r i e s  

a I n i t i a l s  i n  pa ren theses  i n d i c a t e  count ry  o r  o r g a n i z a t i o n .  

bTwo sets of c a l c u l a t i o n s  were performed: one wi th  time-averaged 
a e r o s o l  sou rce  s i z e  and one w i t h  time-dependent a e r o s o l  sou rce  s i z e .  
Most of t h e  r e s u l t s  p re sen ted  i n  t h i s  r e p o r t  are f o r  t h e  case w i t h  
t ime-averaged source  s i z e .  
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agglomera t ion  occurred  as a e r o s o l  moved through t h e  p ipe .  F i n a l l y ,  i t  

should  be noted t h a t  t h e  AEROSIM-M, HAA4, RAFT, and TRAP-MELT2.2 codes 

inc luded  models f o r  a e r o s o l  d e p o s i t i o n  i n  p i p e  bends. More w i l l  be 

d i s c u s s e d  about  t h e s e  models la ter .  

For  each of t h e  t h r e e  LA3 tests,  t h e  HEUL s t a f f  measured ( 1 )  t h e  

masses of C s O H  and MnO a e r o s o l  depos i t ed  i n  each s e c t i o n  of t h e  p i p e ,  

( 2 )  t h e  amounts of each a e r o s o l  t r a n s p o r t e d  ou t  of t h e  p ipe ,  and (3) t h e  

a i r b o r n e  a e r o s o l  s i z e  d i s t r i b u t i o n  a t  t h e  p i p e  i n l e t  and p i p e  o u t l e t  as a 

f u n c t i o n  of t i m e .  The measured a e r o s o l  d e p o s i t i o n  and t r a n s p o r t  d a t a  f o r  

each  a e r o s o l  s p e c i e s  and f o r  t h e  t o t a l  is  p resen ted  i n  Tables  12 through 

14. Tables  15 through 17 p r e s e n t  the measured p i p e  i n l e t  and o u t l e t  

a e r o s o l  s i z e  d i s t r i b u t i o n  da ta .  

The code-comparison r e s u l t s  from each of t h e  t h r e e  tests will be 

d i s c u s s e d  s e p a r a t e l y  i n  t h e  next  s e c t i o n  of the r e p o r t .  F igu res  2 through 

15 and Tables  18 and 19 p r e s e n t  r e s u l t s  f o r  test LA3A. Figures  16 through 

29 and Tables  20 and 2 1  p r e s e n t  r e s u l t s  f o r  test LA3B,  and Figs .  30 

through 43 and Tab les  22 and 23 p r e s e n t  r e s u l t s  f o r  test LA3C. 

F o r  each 

1. 

2. 

3 .  

4. 

test ,  t h e  d a t a  i n  t h e  f i g u r e s  c o n s i s t  of t h e  fo l lowing:  

S i x  f i g u r e s  con ta in ing  comparisons of measured and c a l c u l a t e d  

C s O H ,  -0, and t o t a l  a e r o s o l  d e p o s i t i o n  p r o f i l e s ,  and a t a b l e  

w i t h  comparisons of measured and c a l c u l a t e d  o v e r a l l  a e r o s o l  

d e p o s i t i o n  i n  t h e  p i p e ;  

t h r e e  f i g u r e s  con ta in ing  comparisons ( i n  t h e  form of ba r  c h a r t s )  

o f  measured and c a l c u l a t e d  a e r o s o l  d e p o s i t i o n  i n  bends f o r  C s O H ,  

MnO, and t h e  t o t a l  a e r o s o l ;  

a bar  c h a r t  and a t a b l e  wi th  comparisons of measured and 

c a l c u l a t e d  aerosol t r a n s p o r t  ou t  of t h e  pipe;  and 

f o u r  f i g u r e s  wi th  c a l c u l a t e d  p r o f i l e s  of t h e  ANMD and GSD as a 

f u n c t i o n  of d i s t a n c e  from t h e  p i p e  i n l e t  (p ipe  s e c t i o n  4 ) .  
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Table 1 2 .  Summary of measured a e r o s o l  d e p o s i t i o n  
and a e r o s o l  t r a n s p o r t  d a t a  €or  LACE LA3A 

C: SOH MI30 Cs0H-t-MnO 
P i p e  Deposi ted Deposi ted Deposi ted 

S e c t i o n  (g) ( g )  ( g )  

4 
5a 
6 
7 
8 a  
9 

1 0  
1 l a  
1 2  
13  
1 4 a  
15 
16 
17= 
1 8  
19a  
2 0  
2 1  

T o t a l :  

Deposi ted i n  j o i n t s :  

Misce l l aneous  
d e p o s i t i o n :  

To t  a1 d e p o s i t  ion:  

Aeroso l  t r a n s p o r t  
o u t  of pipe:  

T o t a l  aerosol  
recovered:  

47.33 
60.00 

8.06 
31.01 
37.25 
16.18 
14.02 
14.21 
13.34 

9.06 
6.67 
2.93 
0.67 
4.75 
3.50 
4.51 
1.63 
1.44 

274.56 

14.88 

3.36 

292.8 

64.42 

357.22 

193.43 
184.83 

41.55 
141.85 
163.34 

80.24 
63.76 
83.82 
65.19 
39.25 
42.27 
14.33 
3.58 

27.94 
15.7b 
30.81 

8.60 
5.01 

1203.56 

78 .80  

64  e 48 

1346.84 

424.11 

1770.95 

240.76 
244.83 

49.61 
172.86 
200.59 

96.42 
77.78 
98.03 
78 .53  
44.31 
48.94 
17.26 

4.25 
32.69 
19.26 
35 e 32 
10.23 

6.45 

1478.12 

93.68 

67.84  

1639.64 

488.53 

2128.17 

aPipe bend. 
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Table 13. Summary of measured aerosol deposicion 
and transport data for LACE LA3B 

CsOH MnO C s 0 Hft4nO 
Pipe Deposited Deposited Deposited 

Section ( g )  ( g )  

4 
5a 
6 
7 
sa 
9 
10 
1 la 
12 
13 
14a 
15 
16 
17a 
18 
1 9a 
20 
21 

4.74 
35.19 
2.23 
4.16 
24.88 
1.74 
3.05 
25.85 
2.42 
2.03 
22.46 
1.11 
0.44 
15.39 
2.08 
14.23 
1.26 
0.48 

14.04 
265.19 
13.30 
9.60 

2.95 
9.60 

200.19 
5.91 
7.39 

186.15 
3.69 
2.95 

125.58 
12.56 
113.02 

195.76 

9 -60 
1 a 4 8  

18.78 
300.38 
15.53 
13.76 

220.54 
4.69 
12.65 
226.04 
8.33 
9.42 

208.61 
4.80 
3.39 

140.97 
14.64 
127.25 
10.86 
1.96 

Total: 163.74 1178.96 1342.70 

Deposited in j o i n t s  : 13.55 73.87 87.42 

Miscellaneous 
deposition: 12.10 

189.39 

110.81 122.91 

Total deposition: 1363.64 1553.03 

Aerosol transport 
out of pipe: 152.99 1355.51 1508.50 

Total aerosol 
recovered: 342.38 2719.15 3061.53 

aPipe bend. 
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Table 14.  Summary of measured a e r o s o l  d e p o s i t i o n  
and a e r o s o l  t r a n s p o r t  d a t a  f o r  LACE LA3C 

CSOX MnO C s OH+MnO 
P i p e  Deposi ted Deyos i c e d  Deposi ted 

S e c t  i o n  ( g >  ( g )  ( g )  

4 
5 a  
6 
7 
8 a  
9 

10 
1 la 
1 2  
1 3  
1 4a 
1 5  
16 
1 7 a  

19a 
20 
2 1  

i a  

T o t a l  : 

Deposi ted i n  j o i n t s :  

Misce l laneous  
d e p o s i t  ion: 

T o t a l  depos i t i on :  

Aerosol  t r a n s p o r t  
ou t  of p i p e :  

T o t a l  a e r o s o l  
recovered:  

334.26 
148.81 

27.48 
37.88 
39.37 
10" 15 
35.16 
29.22 

5.94 
2 - 4 8  

14.11 
3.96 
1.49 

10.40 
4.95 

10.65 

1.24 
7.18 

724.73 

30.70 

32.19 

787.62 

194.62 

982  e 24 

343.68 
216.52 

49.26 
24.06 
72.17 

9.74 
4 4  6 8  
58.43 

6.87 
2.86 

34.37 
5.73 
3.44 

26 35 
7 , 4 5  

25.20 
12.60 

1.9% 

945.13 

73.22 

68.74 

1087.09 

310.44 

1397.55 

677.94 
365.33 

76.74 
61.94 

111.54 
19 .89 
79.84 
87.65 
12.81 

5.34 
48.48 

9.69 
4.93 

36.75 
12.40 
35.85 
19.78 

2.96 

1669.86 

103.92 

100.93 

1874.71 

505.08 

2379.79 

aPipe  bend. 
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Table 15. Summary of measured test p i p e  i n l e t  and o u t l e t  
AMMD and GSD d a t a  € o r  test LA3A 

Measurement 
time 
(min) 

I n l e t  O u t l e t  Inlet Out l e t  
AMMD AMMD GSD GSD 
( u d  ( w d  

CsOH Aerosol: 

7.25 
23 25 
39 * 75 
53.25 

3.00 1.42 3.33 2.64 
1.30 0.97 1.62 3.64 
1.91 0.89 1 .9a 4.08 

2.45 1.30 1.86 - 1.67 - - 
Mean: 1.88 1.28 2.15 3.16 

&IO Aerosol:  

7 -25 
23.25 
39.75 
53.25 

0.90 1.38 2.09 2.17 
0.62 0.78 2.11 3.72 
2.62 1 .00 1.83 3 .OO 

3.36 0.56 1.07 2.32 - - 
Mean: 1.18 1.06 2.09 3.06 

Mixed Aerosol :  

7.25 1.20 1.40 2.25 2.21 
23.25 0.92 0.79 1.85 4.05 
39.75 2.50 1.02 1 .a4 2.70 

3.60 53.25 0.87 1 .oo 1.95 

Mean: 1.37 1.05 1.97 3.14 

- - 
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Table 16. Summary of measured t e s t  pipe i n l e t  and o u t l e t  
AMMD and GSU d a t a  f o r  test LA3B 

Measur erne n t 
t iwe 
(min) 

I n l e t  O u t l e t  I n b e t  Outlet 
AMMB m GSD GSD 
( P d  ( urn) 

CsOH Aerosol  : 

7.25 
23.25 
38 25 
53.25 

Mean : 

7.25 
23.25 
38.25 
53.25 

Mean: 

7.25 
23.25 
38.25 
53.25 

2.81 1.76 1.78 1.70 
2.41 2.05 1.79 1.85 
2.50 1.70 1.82 1.83 
2.50 _I_ 2.10 2.48 1.95 

2.56 1.90 1.97 1.83 

MnO Aerosol :  

2.64 1.61 1.82 1.77 
2.63 1.81 1.86 1.88 
2.19 1 .so ' 1.90 1.84 
- 2.50 - 1.96 2.48 1 .84 

2.39 1.72 2.02 1.83 

Mixed Aerosol :  

2 , 6 6  1.65 1.81 1.74 
2.28 1.80 1.89 1.81 
2.23 1.54 1.88 1.77 

~ 2.50 2.08 2.48 1.97 

Me an  : 2.42 1.77 2.01 1.52 
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Table  17. Summary of measured test p i p e  i n l e t  and o u t l e t  
AMMD and GSD d a t a  fo r  t es t  LA3C 

Measurement 
t i m e  
(min) 

I n l e t  O u t l e t  I n l e t  O u t l e t  
AMMD AMMD GSD GSD 
(vm> (w> 

7.04 
23. 15a 

53.06 
38. a 4  

CsOH Aerosol: 

2.17 0.70 2.17 2.00 
1.92 1 e o 0  2.06 1.70 
2.38 0.47 1.80 1.87 
2.30 0.40 1.78 2.30 

Mean: 2.19 0.64 1.95 1.97 

MnO Aerosol :  

7,04 
23. 15a 
38.04 
53.06 

1.76 0.65 2.44 1.89 
1.37 1 .oo 2.55 1.70 
1 .83  0.41 2 .oo 1.93 

1.91 1.71 0.43 2.23 - 
Mean: 1.67 0.52 2.30 1.86 

Mixed Aerosol :  

7.04 
23. 15a 
38.04 
53.06 

1.85 0.55 2.32 1.83 
1.70 1 .Q2 2.20 1.48 
2.10 0.43 1.91 1.93 
1.95 0.46 2.08 1.85 

Mean: 1.90 0.64 2.13 1.77 

aAverage of i n l e t  sampling t i m e  of 23.13 min and o u t l e t  sampling 
t i m e  of 23.18 min. 
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Fig. 3. LA3A posttest results: CsOtt aerosol  d e p o s i t e d  i n  pipe vs 
distance f roin pipe i n l e t  at end of test (3,600 s), f o r  codes without bend 
deposit i o n  mode Is. 
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Table 18. Comparisons of measured and c a l c u l a t e d  
aerosol d e p o s i t i o n  in p ipe  fo r  t e s t  LA3Aa 

Method 
T o t a l  CsOW T o t a l  ?In0 T o t a l  a e r o s o l  
d e p o s i t e d  d e p o s i t e d  d e p o s i t e d  

(91 (d ( g )  

TEST DATA 274.6 

AEROSIM-M (UK) 239.6 

BAA4 (RI) 153.9 

RAFT (FN) 72.0 

MCT-2 (NYPA) 137 .O 

TRAP-MELT2 ( I T )  : 182 e 1 

TRAP-ImLT2 (JW) 172.7 

TRAP-mLT2 (UK) : 
time-averaged s o u r c e  s i z e  16.0 
t i n e  dependent SOUKCE! s i z e  176.3 

TRAP-MELT2 e 2 ( B e % )  213.5 

1203.6 

801.1 

791.7 

357.9 

681.2 

906.7 

844.8 

8'75.2 
877.0 

1078.0 

1478.1 

1040.7 

945.6 

429.9 

818.2 

1088 e 8 

1017.5 

1051.2 
1053.3 

1291.4 

aIn tes t  U 3 A ,  87.6% of t h e  C s  and 98.9% O E  t h e  Mn i n p u t  t o  t h e  
t e s t  equipment was recovered.  This s u g g e s t s  t h a t  t h e  u n c e r t a i n t i e s  i n  
the measured LA3A a e r o s o l  d e p o s i t i o n  d a t a  were -12% f o r  C s  and -1% f o r  
Mn . 
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Table 19. Comparisons of measured and c a l c u l a t e d  
a e r o s o l  t r a n s p o r t  from p i p e  f o r  test LA3Aa 

Method 
T o t a l  C s O H  T o t a l  MnO T o t a l  a e r o s o l  
t r a n s p o r t e d  t r a n s p o r t e d  t r a n s p o r t e d  

(9) ( g )  ( g )  

TEST DATA 

AEROSIM-M (UK) 

HAA4 (RI) 

RAFT (FN) 

TRAP-MELT2 ( I T ) :  

TW-MELT2 ( J N )  

TRAP-MELT2 (UK) : 
time-averaged source  s i z e  
time-dependent sou rce  s i z e  

TRAP-MELT2.2 (BCL) 

64.4 

123 -8 

195.8 

285.1 

195.8 

174.6 

183.5 

181.1 
180.8 

144.9 

424.1 

1002.4 

1014.0 

1418.0 

1014.0 

869.8 

926.5 

900.7 
898.9 

731 e 1 

488.5 

1126.3 

1210.0 

1703.1 

1210.0 

1044.4 

1109.9 

1081.8 
1079.7 

876 .O 

aIn test LA3A, 87.6% of t h e  C s  and 98.9% of t h e  Pln i n p u t  t o  the  tes t  
equipment w a s  rcovered.  T h i s  sugges t s  t h a t  t h e  u n c e r r a i n t i e s  i n  t h e  
measured LA3A a e r o s o l  t r a n s p o r t  d a t a  were -212% f o r  C s  and -,1% f o r  Mn. 
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Pig. 19. LA3B p o s t t e s t  r e s u l t s :  MnO acrdsol d e p o s i t e d  i n  p i p e  v s  
d i s t a n c e  from p i p e  F i l l e t  at  end  of tes t  (3 ,600 s ) ,  f o r  codes wiehout bend 
d e p o s i t i o n  models. 
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0 TRAP-MELT2 (UK) 
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-------  
- - -  - 
-- t- 

1 1 1 I 
0 5 .  10 15 20 25 30 

TOTAL LENGTH (m) 
F i g .  21. LA3R p o s t t e s t  resu l t s :  t o t a l  ( C s O t i  + PlnO) aerosol 

d e p o s i t e d  i n  p i p e  vs dtstar ice f r o n  p ipe  i n l e t  a t  end of test (3,600 s ) ,  
f o r  codcs without  bend tlepositioii models. 
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Table  20. Conpasisons of measured and c a l c u l a t e d  
a e r o s o l  d e p o s i t i o n  i n  p ipe  f o r  t e s t  M 3 B a  

Method 
T o t a l  CsOH T o t a l  MnO Total. a e r o s o l  
d epos f t e d  d e p o s i t e d  d e p o s i t e d  

( g )  (d ( g )  

TEST DATA 

AEROSIM-M (UK) 

HAA4 (RI) 

RAFT (FN) 

MCT-2 ( W P A )  

TRAP-MELT2 ( I T )  : 

163.7 1179.0 

74.5 527.8 

95.5 771.9 

61 .O 471.1 

50.6 391.2 

92.5 736.0 

TRAP-MELT2 (JN) 51.0 405.7 

TW-MELT2 (UK):  
time-averaged s o u r c e  s i z e  7 3 . 3  566 - 3  
time-dependent s o u r c e  s i z e  76 .2  588 e 5 

TRAP-NELT2.2 (BCL) l Q 2 * 3  1243.2 

1342.7 

602 e 3 

867.4 

532  1 

441,9 

828.5 

456.6 

639 6 
664.7 

1405.5 

a I n  tes t  LA3B, 93.8% of t h e  C s  and 89.7% o f  the itn i n p u t  to  the  tes t  
equipment was recovered.  This  s u g g e s t s  t h a t  t h e  u n c e r t a i n t i e s  i n  t h e  
measured LA3B a e r o s o l  d e p o s i t i o n  d a t a  were -6% f o r  Cs and -10% f o r  >In. 
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PIPE SECTION NUMBER 

Fig.  24. LA3B p o s t t e s t  resul ts :  tota l  (CsOLI + PinO) aerosol 
d e p o s i t t o n  i n  p i p e  bends a t  end of test ( 3 , 6 0 0  s ) .  



C
A

 
0
 

0
 

M
A

SS
 L

EA
K

ED
 (

9)
 

d
 

d
 

h
) 

0
 

V
I 

0
 

0
 

0
 

0
 

0
 

0
 

Q
 

h
) c?
l 
0
 

Q
 

~ 

I 
I 

I 

rn
 P r 

I 1 
I 

I 
I 

I 
1 

0
 

Q
 
0
 

Q
 



51 

Table  21. Comparisons of measured and c a l c u l a t e d  
a e r o s o l  t r a n s p o r t  from p ipe  f o r  t e s t  LA3Ba 

T o t a l  CsOH T o t a l  MnO T o t a l  a e r o s o l  
Method t r a n s p o r t e d  t r a n s p o r t e d  t r a n s p o r t e d  

(g) ( 9 )  (g) 

TEST DATA 

AEROSIM-M (UK) 

HkA4 (RI) 

RAFT (FM) 

MCT-2 (NYPA) 

TRAP-MELT2 ( I T )  

TRAP-MELTZ (JW) 

TRAP-MELT2 (UK): 
time-averaged source s i z e  
t i m e  dependent sou rce  s i z e  

TRAP-MELT2.2 (BCL) 

153.0 

272 .5  

258 e 5 

290 e 0 

380 e 4 

258.7 

300.2 

277.7 
2 7 4 , 8  

189.6 

1355.5 

2155.8 

2043.8 

2240.8 

2320.6 

1975.6 

2304 6 

2145.6 
2123.4 

1452.1 

1508.5 

2428 2 

2322 e 3 

2530.8 

2621.0 

2234.3 

2604.8 

2423.3 
2398.2 

1641 7 

aIn t e s t  LA3B, 93.8% of t h e  C s  and 89.7% of t h e  Mn i n p u t  t o  the 
t e s t  equipment was recovered.  T h i s  sugges t s  t h a t  t h e  u n c e r t a i n t i e s  i n  
t h e  measured LA3B a e r o s o l  t r a n s p o r t  d a t a  were -6% f o r  C s  and -10% f o r  3ln. 
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1.6 

LA36 POSTTEST 
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- -I--- 

CI TRAP-MELT2 (UK) - 
0 TRAP-MELT2.2 - - - -  (BCL) 

r, 
Ln w 

5 10 15 20 25 30 
DISTANCE FROM PIPE INLET tm) 

Pig .  27. LA38 p u s t t e s t  r e s u l t s :  c a l c u l a t e d  aerodynamic mass-median 
d iame te r  (AMMD) V Y  d i s t a n c e  frotn p i p e  i n l e t  a t  end of test  ( 3 , 6 0 0  s ) ,  f o r  
codes t l t a t  do Inc lude  TKAP-blEL'r inodeling. 
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DISTANCE FROM PIPE INLET (in) 
F i g .  29 .  LA3R p o s t t e s t  r e s u l t s :  ca l cu la t ed  geometric s t a n d a r d  

d e v i a t i o n  (GSI)) v s  d i s t a n c e  €rorn p i p e  i n l e t  a t  end of t e s t  (3,600 s ) ,  f o r  
codes t h a t  do incl.ucte ‘rKAP -PiEiAT mode I fng .  
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P i g .  32. L A 3 C  p o s t t e s t  r e s u l t s :  MnO aerosol d e p o s i t e d  i n  p i p e  vs 
d i s t a n c e  from p i p e  l n l l e t  a t  end of test (3,600 Y > ,  f o r  codes i n c l u d i n g  
bend d e p o s i t i o n  inodcls. 
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F i g .  3 3 .  L A X  p o s t t e s t  r e s u l t s :  Mi10 aerosol  depos i t ed  i n  p i p e  vs 
d i s t ance  from p i p e  i n l e t  a t  end of t es t  ( 3 , 6 0 0  s ) ,  f o r  codes without  bend 
d e p o s i t  i o n  node 1s. 
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TRAP-MELT2 ' WN) 
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TOTAL LENGTH (rn) 

F i g .  35. LA3C p o s t t e s t  results: t o t a l  ( C s O l I  4- MnO) aerosol 
deposited i n  p ipe vs d i s t a n c e  Froin pipe i n l e t  a t  end O F  test (3,600 s ) ,  
for codes without  bend d c p o s i t t o n  m o d e L s .  
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Table 22.  Comparisons of measured and c a l c u l a t e d  
a e r o s o l  d e p o s i t i o n  i n  p i p e  f o r  tes t  L A X  

Method 
T o t a l  CsQB T o t a l  Mno T o t a l  aerosol 
d e p o s i t e d  d e p o s i t e d  d e p o s i t  ecl 

(g) (8) (g) 

TEST DATA 

AEROSIM-M (UK) 

MAA4 (re11 

RAFT (FN) 

MCT-2 (NYPA) 

TRAP-MELT2 ( I T )  

TW-MELT2 ( J N )  

TW-MEL‘P2 (m): 
time-averaged source s i z e  
time-dependent source s i z e  

TW-MELT2.2 (BCL) 

724.7 

148.3 

188.4 

127.2 

188.4 

203.4 

86.0 

162.0 
160.8 

414.0 

945.1 

172.3 

269 0 7 

180.6 

259.7 

288.6 

124.2 

230 e 1 
228.3 

591 a 8  

1669.9 

320.6 

458.2 

307 e 9  

458 2 

492.0 

210.2 

392.1 
389 e 1 

PO07 

“In test LA3C, 84.8% of t h e  Cs and 8 5 . 6 2  of the itn i n p u t  t o  t h e  t e s t  
equipment w a s  recovered.  This  sugges t s  t h a t  t h e  u n c e r t a i n t i e s  i n  t he  
measured. LA3C aerosol  d e p o s i t i o n  d a t a  were -12% f o r  C s  and -14Z f o r  >In. 
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Fig .  36.  L A X  posttest r e s u l t s :  CsOU aerosol  deposition i n  p i p e  
bends a t  end  of t e s t  ( 3 , 6 0 0  s ) .  
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F i g .  3 8 .  LA3C p o s t t e s t  r e s u l t s :  t o t a l  (CsQiI + MriQ) aerosol 
d e p o s i t i o n  i n  pipe bends a t  end OE tesk ( 3 , 6 0 0  S I .  
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Table 23. Comparisons of measured and c a l c u l a t e d  
a e r o s o l  t r a n s p o r t  from pipe  €or  tes t  LA3Ca 

Method 
T o t a l  CsOH T o t a l  MnO T o t a l  a e r o s o l  
t r a n s p o r t e d  t r a n s p o r t e d  t r a n s p o r t e d  

(g) ( g )  ( 8 )  

TEST DATA 

AEROSIM-M (UK) 

HBA4 (RI.9 

RAFT (FN) 

MCT-2 (NYPA) 

TUP-MELT2 ( IT)  

TW-MELT2 (JN) 

TRAP-MELT2 (UK):  
time-averaged source  s i z e  
time-dependent sou rce  s i z e  

TRAP-MELT2.2 (BCL) 

194.6 

826,2 

790.6 

854.2 

882.5 

777.3 

894.4 

819.3 
820.6 

565.1 

310.5 

1213.5 

1122.8 

1212.5 

1252.7 

1104.6 

1268.4 

1163.1 
1164.9 

803.9 

505.1 

2039 ., 7 

2066.7 

2135.1 

2135.1 

1881.9 

2162.8 

1982.5 
1985.5 

1369 .O 

a I n  test U 3 C ,  87.8% of t h e  C s  and 85.6% of the  Xn i n p u t  t o  t h e  tes t  
equipment w a s  recovered.  This  sugges t s  t h a t  t he  u n c e r t a i n t i e s  i n  t h e  
measured LA3C a e r o s o l  t r a n s p o r t  d a t a  were -12% f o r  Cs and -142 f3r Nn. 
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--a=----- 

-111- 

- - - -  

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

0 
a 2 

5 10 15 20 
DISTANCE FROM PJPE INLET (m) 

25 30 

F i g .  41. LA3C p o s t t e s t  r e s u l t s :  ca lcu la ted  aerodynamic mass-median 
d iame te r  (AMFU) vs distance from p i p e  i n l e t  a t  end of tes t  (3 ,600  s ) ,  for  
codes  t h a t  d o  inc lr ide  'l'KAP-I"IEl,'C model ing.  



G
EQ

M
ET

R
IC

 S
TA

N
D

A
R

D
 D

EV
IA

TI
O

N
 

d
 

b
 

tu
 

CD
 

PT‘
 

( 
I‘ 

I 0 

I I I I [ I I 
I I I I I I I I 

I 

I I I I I I I I I 

I I I I I I I 1 I I 

I / I I I I I I I I I I I I I I 

D
 

5 ae: is Y Y I
 

m
 

O
R

 

tu
 

bo
 



ORNL DWG 87-19138 
2.8 

2.6 

2.4 

2.2 

2.0 

1.8 

LA3C POSTTEST W MCT-2 (NYPAI 
0 TRAP-MELT2 (ff) 
A TRAP-MELT2 fJ5) 
0 TRAP-MELT2 (UK) 
0 TRAP-MELT2.2 (BCLf 

----- 
I---.---- 

- - - - -  
- 

- - - -  

I I 1 I 1.6 
0 5 10 15 20 25 30 

DISTANCE FROM PIPE INLET (m) 
F i g .  4 3 .  LA3C p o s t t e s t  results: c a l c u l a t e d  geolnetric standard 

devidti .on (GSI)) vs d i s t a n c e  from p i p e  i n l e t  a t  end of t e s t  (3 ,400  s ) ,  f o r  
codes t h a t  do i n c l u d e  TKAP-MEL'C modeling. 
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4 .  DISCUSSION OF LA3 CODE-EXPERIPIEMT COMPARISON EESULTS 

In t h i s  s e c t i o n ,  w e  w i l l  d i s c u s s  t h e  t e s t  r e s u l t s  and t h e  r e s u l t s  of 

t h e  code comparisons f o r  each of t h e  LA3 experiments .  

4 , l  TEST LA3A 

As w a s  no ted  i n  Sec t .  2 ,  t h i s  test w a s  performed w i t h  a gas  f low 

v e l o c i t y  of -77 m/s and had an  o v e r a l l  MnO/CsOH a e r o s o l  sou rce  mass r a t i o  

o f  -5.9. 

ba lance  w a s  good s i n c e  87.M of t h e  Cs, and 98.9% of t h e  Hn i npu t  t o  t h e  

t es t  equipment w a s  recovered.  

A s  w a s  d i s c u s s e d  i n  t h e  LA3 test d a t a  r e p o r t , 2  t h e  t e s t  mass 

From t h e  r e s u l t s  p re sen ted  i n  Table  12 ,  we. f i n d  t h a t  (1 )  18.0% of 

t h e  CsOB, 23.9% of t h e  MnO, and 23.0% of 6he t o t a l  a e r o s o l  recovered  ( p i p e  

s e c t i o n s  4 th rough 2 1  and t r a n s p o r t  ou t  o f  t h e  p i p e )  was t r a n s p o r t e d  o u t  

of the p ipe ,  ( 2 )  46.5% of t h e  CsOH,  4 4 . 3 %  of t h e  WO, and 44.7% of t h e  

t o t a l  a e r o s o l  d e p o s i t i o n  i n  t h e  p ipe  occurred  i n  t h e  p i p e  bends. These 

numbers i l l u s t r a t e  t h a t  bend d e p o s i t i o n  was a major c o n t r i b u t o r  t o  deposi-  

t i o n  i n  LA3A; and, on t h e  b a s i s  of t h e  o v e r a l l  d e p o s i t i o n  and t r a n s p o r t  

r e s u l t s ,  t h e  CsOH-MnO a e r o s o l  seemed t o  act l a r g e l y  as a mixed, co- 

agglomerated a e r o s o l  i n  i t s  t r a n s p o r t  through t h e  tes t  p ipe .  

F i g u r e  44 i s  a p l o t  of t he  measured a e r o s o l  d e p o s i t  IMO/CSOH inass 

r a t i o ,  f o r  each of t h e  LA3A p ipe  s e c t i o n s  (from the data presen ted  i n  

Tab le  12). In . c o n t r a s t  t o  t h e  t o t a l  d e p o s i t i o n  r e s u l t s ,  v a r i a b i l i t y  i n  

d e p o s i t  mass r a t i o  i n  d i f f e r e n t  p ipe  s e c t i o n s  sugges t s  t h a t  t h e  LA34 

a e r o s o l  mixture  d i d  no t  act a s  a coagglomerated a e r o s o l ,  and t h a t  perhaps 

t h e  two s p e c i e s  behaved, t o  some e x t e n t ,  as independent  a e r o s o l  popula- 

t i o n s  wi th  d i f f e r e n t  t h e r e  s i z e  d i s t r i b u t i o n s .  We i n  p a r t i c u l a r  n o t e  

t h a t  t h e r e  w a s  a s l i g h t  enhancement of t h e  d e p o s i t i o n  MnO/CsOH mass r a t i o  

f o r  p ipe  bend s e c t i o n s  11, 14 ,  17, and 19. 

The measured p ipe - in l e t  and p ipe -ou t l e t  a e r o s o l  s i z e  parameters f o r  

t es t  LA3A (Table  15 i n  Sec t .  3 )  i l l u s t r a t e  t h e  following i n t e r e s t i n g  r e s u l t s :  

1. For the  CsOH a e r o s o l  component, a t  th ree-of - four  of t h e  

sampling t i m e s ,  t h e  measured o u t l e t  AivIMD w a s  less than  t h e  
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74 

measured i n l e t  AMMD. This would be expec ted  i f  no resuspen- 

s i o n  occur red ,  s ince  t u r b u l e n t  i n e r t i a l  a e r o s o l  d e p o s i t i o n  and 

d e p o s i t i o n  i n  p ipe  bends i s ,  based on a v a i l a b l e  models, more 

e f f e c t i v e  f o r  l a r g e r  a e r o s o l  s i z e s .  

However, for t h e  MnO aerosol component, a t  three-of-four  of t h e  

aerosol sampling t i m e s ,  t h e  measured o u t l e t  aMMlp was g r e a t e r  

t h a n  t h a t  measured a t  t h e  p i p e  i n l e t .  An e x p l a n a t i o n  f o r  t h i s  

observed  d i f f e r e n c e  i n  t h e  MnO and C s O H  behavior  i s  t h a t  

r e suspens ion  of MnO d e p o s i t s  occu r red  more r e a d i l y  t h a n  

for t h e  CsOH component, and t h a t  t h e  resuspended MnO was l a r g e r  

i n  s i z e  t h a n  t h e  material t h a t  i n i t l a l l y  depos i t ed .  This  

r e s u l t  is i n t e r e s t i n g  and unexpected. 

2.  For  both  the  C s O H  and MnO a e r o s o l  components, t h e  r e s u l t s  i n  

Table  15 show t h a t  t h e  measured o u t l e t  GSD w a s  Larger than  t h a t  

a t  t h e  p ipe  i n l e t .  S t a t e d  ano the r  way, t h e  a e r o s o l  a t  t h e  

p i p e  o u t l e t  w a s  more p o l y d i s p e r s e  than  t h e  a e r o s o l  a t  t h e  p i p e  

i n l e t .  This behavior  could a l s o  have occurred  as a r e s u l t  of 

a s e r o s o l  r e suspens ion  i n  LA3A. 

Be fo re  d i s c u s s i n g  t h e  comparisons of t h e  tes t  and code r e s u l t s ,  i t  

i s  i n s t r u c t i v e  t o  i n v e s t i g a t e  t h e  models used i n  t h e  codes t o  c a l c u l a t e  

t u r b u l e n t - i n e r t i a l  d e p o s i t i o n  ( t h e  major t u r b u l e n t  d e p o s i t i o n  mechanism 

under  t h e  f low c o n d i t i o n s  i n  t h e  LA3 t e s t  s e r i e s )  and t o  c a l c u l a t e  aero-  

s o l  d e p o s i t i o n  i n  p ipe  bends. Table  24 p r e s e n t s  a summary of t he  sou rces  

of t h e  models used i n  t h e  v a r i o u s  codes; t hey  are documented i n  refs. 

5 t o  13. 

The t u r b u l e n t - i n e r t i a l  d e p o s i t i o n  models used i n  t h e  TRAP-MELT2, 

TRAP-MEXT2.2, MCT-2, and HAA4 codes were desc r ibed  i n  d e t a i l  and compared 

a g a i n s t  each o t h e r  f o r  LA3 tes t  c o n d i t i o n s  i n  t h e  LA3 p r e t e s t  r e p o r t .  l 4  

The m d e l  used i n  AEROSIH-M f o r  t h e  LA3 p o s t t e s t  c a l c u l a t i o n s  and t h e  

RAFT t u r b u l e n t  d e p o s i t i o n  model were not  desc r ibed  p rev ious ly  so they  

w i l l  be p re sen ted  here .  
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assumptions used 
ulations 

Number of Turbulent Bend 
control deposition deposition 

Code volumes model used model used 

AERO S IM-M 
(UK) 

HAA4 (RI) 

XCT-2 (NYPA) 

RAFT (FN) 

TRAP-MELT2 
(JN) 

of modeling 
in LA3 postt-st pipe cal 

16 Correlation 
to Liu-Agarwal 
test; data5p6 

8 Correlation 
to Liu-Agarwal 
test data5s7 

8 Friedlander 
and Johns tone 
with Battelle 
modif ication9 

13 Simplified 
Im-Chung , from 
RAFT manual11 

5 Friedlander 
and Johns tone, * 
with Battelle 
mo di f i ca t i on 

8 E riedlande r 
and Johns tone 
with Battelle 
modi f i ca t ion 

8 Friedlander 
and .Johns tone, 
with Battelfe 
modif i cat ion9 

w00d,12,13 using a 
surf ace roughness 
of 1.5 pm 

Nodif ied 
turbulent 
deposition, 
f o r  bend 
pressure l o s s6  

Transpor c 
efficiency 
equation in 
~4 manual7 

none 

From equation 
presented in 
-RAFT manual11 

none 

none 

Modified Wood 
t u r b u l e n t  
deposition, 
f o r  bend 
pressure  loss13  
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The t u r b u l e n t  d e p o s i t i o n  c o r r e l a t i o n  used i.n AEROSLM-M6 i s  a new 

c o r r e l a t i o n  t o  t h e  Liu-Agarwal d a t a ;  i t  has t h e  fo l lowing  form: 

f o r  0 <T+ < 40, ( 1 )  vASM 1.96.10-~*~+~ 2 *  

VASM = AEROSIM-M t u r b u l e n t - i n e r t i a l  d e p o s i t i o n  v e l o c i t y ,  

where 

T+ = PpPgd2C(u*)2/(18 v 2 x > ,  
T+ -d dimens ionless  r e l a x a t i o n  t i m e ,  

pg = gas d e n s i t y ,  

pg -D p a r t i c l e  d e n s i t y ,  

d = p a r t i c l e  d i ame te r ,  

C = Cunningham s l i p - c o r r e c t i o n  f a c t o r ,  

u* = f r i c t i o n  v e l o c i t y  = 1 ~ ( f / 2 ) 0 ~ 5 ,  

f = Darcy f r i c t i o n  f a c t o r ,  

U = gas flow v e l o c i t y  through p ipe ,  

P = gas  dynamic v i s c o s i t y ,  and 

x = a e r o s o l  p a r t i c l e  dynamic shape  f a c t o r .  

The Dascy f l u i d  f r i c t i o n  f a c t o r  i s  c - a k u l a t e d  using a c o r r e l a t i o n  by 

Swamee and J a i n 1 5  which is a c c u r a t e  f o r  sinooth and rough tubes :  

f = 0.25[loglo(h/(3.7D) + 5.74/Re0-9)]-2 , ( 5 )  

where 

h = e q u i v a l e n t  sand roughness h e i g h t  of p i p e ,  

v a l u e  of 1.5 pm used i n  c a l c u l a t i o n s ,  

D = p i p e  d i ame te r ,  and 

R e  = f low Reynolds number. 

Note t h a t  t h i s  f r i c t i o n  f a c t o r  i s  roughly a f a c t o r  of 4 l a r g e r  t han  the 

typlcal Fanning f r i c t i o n  f a c t o r  used  by most o t h e r  codes t o  c a l c u l a t e  u*. 
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The t u r b u l e n t  d e p o s i t i o n  v e l o c i t y  c o r r e l a t i o n  in t h e  v e r s i o n  of RAFT 

used  f o r  t h e  LA3 p o s t t e s t  c a l c u l a t i o n s  has  t h e  fo l lowing  form: 

where 

Vw = RAFT t u r b u l e n t - i n e r t i a l  d e p o s i t i o n  v e l o c i t y ,  

va = rms r a d i a l  p a r t i c l e  v e l o c i t y  a t  S ,  

v r l  = rms r a d i a l  component of tu rbu lence  v e l o c i t y ,  
u* = f r i c t i o n  v e l o c i t y  (based  on Fanning f r i c t i o n  f a c t o r ) ,  

Scp = particle Schmidt number, 

'f 

T~ = p a r t i c l e  r e l a x a t i o n  t i m e ,  

= t u r b u l e n t  i n t e g r a l  t i m e  scale, 

S = s topp ing  d i s t a n c e ,  

S+ = dimens ionless  s topp ing  d i s  t a n c e  , 
b = b u f f e r  l a y e r  t h i c k n e s s ,  

b+ = dimens ionless  b u f f e r  layer  t h i c k n e s s ,  and 

v = gas k inemat i c  v i s c o s i t y .  

These c o r r e l a t i o n s  were ( a s  was done i n  t h e  LA3 p r e t e s t  r e p o r t )  

compared wi th  t h e  d e p o s i t i o n  v e l o c i t i e s  measured i n  t h e  Liu-Agamal 

exper iments  , which were smooth-pipe experiments .  For cond i t ions  simu- 

l a t i n g  those  i n  t h e  LA3 exper iments ,  d e p o s i t i o n  v e l o c i t i e s  calculated w i t h  

t h e  AEROSIM-M and RAFT models compared q u i t e  w e l l  w i t h  t h e  LFu-Agsrwal 

d a t a .  
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E s s e n t i a l l y ,  two d i f f e r e n t  approaches were taken  by t h e  codes t o  

c a l c u l a t e  a e r o s o l  d e p o s i t i o n  i n  bends. The f i r s t  approach w a s  t h a t  t aken  

by t h e  modelers  u s ing  t h e  AFiROSIM-M and TRAP-MELT2.2 codes.  The bend 

models i n  t h e s e  codes b a s i c a l l y  assume t h a t  enhanced a e r o s o l  d e p o s i t i o n  i n  

bands occur s  due t o  enhanced t u r b u l e n t - i n e r t i a l  depos i t i on .  I n  AEROSXN-M, 

t h e  bend p r e s s u r e  drop was c a l c u l a t e d  and from t h a t  an  e q u i v a l e n t  l e n g t h  

o f  s t r a i g h t  smooth p ipe  f o r  which t h a t  bend p r e s s u r e  drop would occur  

was c a l c u l a t e d .  The bend d e p o s i t i o n  v e l o c i t y  was then  assumed t o  be e q u a l  

t o  t h e  c a l c u l a t e d  t u r b u l e n t  d e p o s i t i o n  v e l o c i t y  m u l t i p l i e d  by t h e  r a t i o  

of  t h e  e q u i v a l e n t  bend pressure-drop l e n g t h  t o  t h e  a c t u a l  bend l e n g t h .  

I n  TRAP-MELT2.2, t h e  p r e s s u r e  drop i n  t h e  bend w a s  a l s o  c a l c u l a t e d  u s i n g  

a c o r r e l a t i o n  a p p r o p r i a t e  f o r  smooth-wall p i p e  bends. l 6  

f a c t o r  ob ta ined  from t h i s  c a l c u l a t i o n  was then  used t o  c a l c u l a t e ,  u s ing  a 

rough-pipe c o r r e l a t i o n ,  a n  "equ iva len t  sand roughness"  f o r  t h e  p ipe  

w a l l  t h a t  would g i v e  t h e  same f r i c t i o n  factor. This  e q u i v a l e n t  roughness 

w a s  then  used as i n p u t  t o  t h e  Wood t u r b u l e n t  d e p o s i t i o n  model12 t o  ca lcu-  

l a t e  enhanced d e p o s i t i o n  i n  t h e  bend, 

The E r i c t i o n  

A d i f f e r e n t  approach t o  c a l c u l a t i n g  d e p o s i t i o n  i n  bends w a s  used i n  

t h e  HAA4 and RAFT c a l c u l a t i o n s .  These codes assumed t h a t  bend d e p o s i t i o n  

w a s  on ly  due t o  i n e r t i a l  impact ion  on t h e  upstream w a l l  of t h e  p i p e  bend. 

The a e r o s o l  parameter  t h a t  i s  t y p i c a l l y  used t o  c o r r e l a t e  bend d e p o s i t i o n  

due  t o  impact ion  i s  t h e  S tokes  number, which i s  de f ined  as: 

S t  = ppd2CU/(!3 uD>, 

where 

pp  = part ic le  d e n s i t y ,  

d = par t ic le  d iameter ,  

C = Cunningham s l i p - c o r r e c t i o n  f a c t o r ,  

U = mean gas-flow v e l o c i t y  through p ipe ,  

p = gas  dynamic v i s c o s i t y ,  and 

D = p i p e  d iameter .  

I n  t h e  HAA4 code, t h e  e f f i c i e n c y  of a e r o s o l  t r a n s p o r t  through bends 

w a s  c a l c u l a t e d  us ing  t h e  fo l lowing  formula: 



where 

Etb = a e r o s o l  t r a n s p o r t  e f f i c i e n c y  through bend, 

Edb = a e r o s o l  d e p o s i t i o n  e f f i c i e n c y  i n  bend, 

S t  = Stokes  number de f ined  i n  Eq. (151, and 

0 = bend a n g l e ,  i n  r ad ians .  

Another  equa t ion  t h a t  is o f t e n  used t o  c a l c u l a t e  a e r o s o l  d e p o s i t i o n  in 

bends i s  t h e  one d e r i v e d  i n  t h e  p a p e r  by Crane and Evans: l 8  

I t  can be noted t h a t  Eqs. (16) and (17) have t h e  same f u n c t i o n a l  form; i n  

f a c t ,  for small V a h e S  of t h e  exponent i n  Eq. (161,  t h e  e q u a t i o n  f o r  Etb 

becomes Etb = [1 - ( 4 / n ) * S t 0 ( 0 / 2 ) ] ,  which is similar t o  Eq. ( 1 7 ) .  For a 

90" bend and v a l u e s  of St(0.5, Eq. (16)  c a l c u l a t e s  s l i g h t l y  more bend 

d e p o s i t i o n  t h a n  does Eq. (17). However, f o r  a 90" bend and f o r  St>0.5,  

t h e  Crane-Evans e q u a t i o n  (Eq. ( 1 7 ) )  c a l c u l a t e s  more d e p o s i t i o n  i n  t h e  

bend. The d i f f e r e n c e s ,  however, are n o t  g r e a t ;  f o r  example, f o r  S t=1 ,  

Eq. (16)  c a l c u l a t e s  63% d e p o s i t i o n  i n  t h e  bend whi l e  Eq. (17 )  c a l c u l a t e s  

79% d e p o s i t i o n  i n  t h e  bend. 

is similar i n  form t o  Eq. (16):  
The e q u a t i o n  used i n  t h e  RAFT c o d e l l  

E t b  1 - Edb = 1 - StH'(@) 9 (18) 

where StE i s  t h e  p a r t i c l e  Stokes number based on t h e  bend h e i g h t  r a t h e r  

t h a n  t h e  p i p e  d iameter  of t h e  bend. Note t h a t  f o r  bend h e i g h t s  H>2D,  

where D i s  t h e  p i p e  d i ame te r ,  t h a t  Eq. (18) would c a l c u l a t e  less depos i -  

t i o n  t h a n  Eq. ( 1 7 1 ,  t h e  Crane-Evans equat ion.  

The resul ts  from t h e  LA3A b l i n d  code comparisons were p re sen ted  i n  

Sect. 3 i n  Figs. 2 th rough 15 and Tables  18 and 19. A f e w  i n i t i a l  com- 

ments on the  code c a l c u l a t i o n s  are i n  o r d e r .  F i r s t  of all, t h e  .UROSI:.I-i*I 

(UK) and TW-MELT2 (JN) c a l c u l a t i o n s  were performed w i t h  a time-averaged 

a e r o s o l  sou rce ;  a l l  o t h e r  c a l c u l a t i o n s  were performed wi th  t h e  t i m e -  

dependent a e r o s o l  sou rce  d e f i n e d  i n  Tables  3 .  The TRAP-MELT2 ( I T )  and 

TW-MELT2 (UK) c a l c u l a t i o n s  were performed wi th  a time-dependent aerosol  

source s i z e ,  wh i l e  a l l  o t h e r  c a l c u l a t i o n s  were performed using t h e  ulean 



source  s i z e  de f ined  i n  Table  6 .  I n  f a c t ,  two TRAP-MELT2 (UK) c a l c u l a t i o n s  

were performed: one wi th  t ime-independent and one wi th  time-dependent 

s o u r c e  d a t a  (on ly  t h e  t ime-independent sou rce  s i z e  r e s u l t s  f o r  W - E E L T 2  

(UK) are shown i n  t h e  p l o t s ) .  F i n a l l y ,  t h e  comparison r e s u l t s  shown are 

f o r  t=3,600 s ,  t h e  end of t h e  a e r o s o l  sou rce  pe r iod .  R e s u l t s  f rom t h e  

MCT-2 (NYPA) c a l c u l a t i o n  were e x t r a p o l a t e d  r e s u l t s  from a c a l c u l a t i o n  

t i m e  of 150 s, and t h e  TIZAP-MELT2 (JN) r e s u l t s  were an e x t r a p o l a t i o n  from 

r e s u l t s  a t  660 s; a l l  o t h e r  c a l c u l a t i o n s  were performed f o r  t h e  t o t a l  

3,600 s source  t i m e .  

It should  be mentioned t h a t ,  i n  t h e  process  of performing t h e  TRAP- 

MELT2 (UK) c a l c u l a t i o n s  u s i n g  a time-dependent a e r o s o l  sou rce ,  t h e  UK 

i n v e s t i g a t o r  d i scove red  an  e r r o r  i n  t h e  r e f e r e n c e  v e r s i o n  of t h e  TRAP- 

MELT2 code.19 

t h e  time-dependent a e r o s o l  sou rce  s i z e  d a t a  provided t o  ic as inpu t .  

T h i s  coding e r r o r  was c o r r e c t e d  i n  a l l  T W - > E L T 2  and i n  t h e  XCT-2 ca lcu-  

l a t i o n s .  

It was d i scove red  t h a t  t h e  code d i d  not  a p p r o p r i a t e l y  use 

The o v e r a l l  a e r o s o l  d e p o s i t i o n  comparison r e s u l t s ,  i n  terms of t h e  

cumula t ive  amounts of a e r o s o l  depos i t ed  as a f u n c t i o n  o f  d i s t a n c e  from 

t h e  p i p e  i n l e t ,  are p resen ted  i n  F igs .  2 t o  7 .  Note t h a t  ( f o r  each aero-  

s o l  s p e c i e s )  t h e  codes i n c l u d i n g  a bend d e p o s i t i o n  model were inc luded  on 

one  p l o t ,  and t h e  codes wi thout  bend models were on a separate p l o t .  Bar 

c h a r t s  i l l u s t r a t i n g  comparisons of a e r o s o l  d e p o s i t i o n  i n  t h e  p i p e  bends 

are  p resen ted  i n  F igs .  8 t o  10. Comments on t h e  d a t a  i n  t h e s e  f i g u r e s  

are  p resen ted  below: 

1. Far  each a e r o s o l  s p e c i e s ,  t h e  f i r s t  two bends made &he major 

c o n t r i b u t i o n  t o  t h e  t o t a l  bend d e p o s i t i o n .  For example, 7bZ of 

t h e  C s O H  measured bend d e p o s i t i o n  and 6 5 2  of t h e  MnO measured 

bend d e p o s i t i o n  occurred  i n  t h e  f i r s t  two bends. The codes 

i n c l u d i n g  bend models p r e d i c t e d  a similar t r end  of l a r g e r  

d e p o s i t i o n  i n  t h e  upstream bends. This  would be expec ted ,  

s i n c e  a l l  of t h e  bend models would p r e d i c t  g r e a t e r  d e p o s i t i o n  

of  t h e  l a r g e r  particles.  



2. A l l  of t h e  p r e d i c t e d  d e p o s i t i o n  cu rves  and t h e  measured 

d e p o s i t i o n  cu rves  t end  t o  have a n  "exponen t i a l "  shape,  

i f  one i g n o r e s  t h e  i n f l u e n c e  of t h e  bends on t h e  a e r o s o l  

d e p o s i t i o n  p a t t e r n s .  

3. The cu rves  i l l u s t r a t e  t h a t  t h e  TRAP-MELT2.2 (BCL) and t h e  

AEROSIM-M (UK) c a l c u l a t i o n s  seem t o  do t h e  b e s t  job of 

p r e d i c t i n g  t h e  overall a e r o s o l  d e p o s i t i o n  p a t t e r n s  i n  M A .  

S u r p r i s i n g l y ,  AEROSIM-M (UK) p r e d i c t e d  t h e  CsOH d e p o s i t i o n  

p a t t e r n  b e s t  ( F i g .  21, whi le  t h e  TRAP-MELT2.2 (BCL) c a l c u l a t i o n  

d i d  b e s t  a t  p r e d i c t i n g  t h e  N n O  d e p o s i t i o n  p a t t e r n  (F ig .  4 ) .  We 

shou ld  recal l  t h a t  t h e s e  two codes inc luded  s i m i l a r  t ypes  of 

bend d e p o s i t i o n  models. 

A major r eason  why AEROSIM-PI (LK) p r e d i c t e d  t h e  CsOH d e p o s i t i o n  

w e l l  i n  M A  i s  t h a t  t h e  p r e d i c t e d  CsOH d e p o s i t i o n  i n  t h e  f i r s t  

p i p e  s e c t i o n  w a s  a t  least twice t h a t  p r e d i c t e d  by t h e  o t h e r  

codes.  AEROSIX-M (UK) d i d  n o t  p r e d i c t  similar enhanced 

d e p o s i t i o n  i n  t h e  f i r s t  p ipe  s e c t i o n  f o r  t h e  MnO a e r o s o l .  

4 .  The a e r o s o l  d e p o s i t i o n  p a t t e r n s  p r e d i c t e d  by W 4  (RI) were not  

s i g n i f i c a n t l y  d i f f e r e n t  from those p r e d i c t e d  by t h e  codes t h a t  

d i d  n o t  i n c l u d e  bend models; t h i s  s i t u a t i o n  occur red  because 

HAA4 ( R I )  d i d  n o t  p r e d i c t  much bend d e p o s i t i o n  f o r  L A 3 A  t es t  

c o n d i t i o n s .  

5. The RAFT (EN)  c a l c u l a t i o n  d i d  t h e  least  s a t i s f a c t o r y  j o b  of 

p r e d i c t i n g  t h e  measured a e r o s o l  d e p o s i t i o n  p a t t e r n .  However, 

as  w a s  d i s c u s s e d  earlier i n  t h i s  s e c t i o n ,  t h e  t u r b u l e n t -  

i n e r t i a l  d e p o s i t i o n  c o r r e l a t i o n  used in RAFT c a l c u l a t e s  s i n i l a r  

d e p o s i t i o n  v e l o c i t i e s  compared t o  c o r r e l a t i o n s  used i n  o t h e r  

codes.  A t  p r e s e n t ,  we cannot  e x p l a i n  why t h e  RAFT c a l c u l a t i o n  

f o r  LA3A p r e d i c t e d  less d e p o s i t i o n  than  t h e  o t h e r s .  

6 .  A l l  of t h e  codes t h a t  d i d  not  i nc lude  a bend d e p o s i t i o n  model 

w e r e  v e r s i o n s  of TRAP-NELT2. A l l  of t h e s e  c a l c u l a t i o n s  pre- 

d i c t e d  very similar a e r o s o l  d e p o s i t i o n  p a t t e r n s .  This  s u g g e s t s  

t h a t  t h e s e  f o u r  i n v e s t i g a t o r s  a p p l i e d  TRAP-LWLT2 i n  very  simi- 

l a r  ways t o  p r e d i c t  t h e  LA3A r e s u l t s .  
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7. The bend d e p o s i t i o n  r e s u l t s  summarized i n  Figs .  8 t o  10 

i l l u s t r a t e  t h a t ,  f o r  LA3A c o n d i t i o n s ,  t h e  bend models i n  HAA4 

and RAFT c o n s i s t e n t l y  p r e d i c t  less bend d e p o s i t i o n  than  t h e  

models i n  T W - M E L T 2 . 2  and MROSIM-M. With t h e  excep t ion  of 

t h e  TMP-MlELT2.2 model, a l l  of t h e  bend models tended t o  

u n d e r p r e d i c t  d e p o s i t i o n  i n  bends, Far t h e  las t  t h r e e  bends,  

t h e  TRAP-MELT2.2 model over-est imated t h e  amount of a e r o s o l  

t h a t  was depos i t ed  i n  the  bends. 

Tab le  18 summarizes o v e r a l l  measured and c a l c u l a t e d  a e r o s o l  

d e p o s i t i o n  r e s u l t s  f o r  LA3A. The d a t a  i n  t h i s  t a b l e  show t h a t  most codes 

d i d  a r easonab le  job of c a l c u l a t i n g  t h e  t o t a l  d e p o s i t t o n  i n  t e s t  LA3A 

( even  though many codes d i d  no t  model bend d e p o s i t i o n ) .  

t i o n  i n  M A ,  t h e  MROSIM-M (UIC) c a l c u l a t i o n  underes t imated  d e p o s i t i o n  by 

a f a c t o r  of 1.15, t h e  WPT ( P N )  c a l c u l a t i o n  underes t imated  d e p o s i t i o n  by 

3 . 8 ,  and a l l  o t h e r  c a l c u l a t i o n s  unde rp red ic t ed  d e p o s i t i o n  by f a c t o r s  

r ang ing  from 1.3 t o  2.0. For N n O  d e p o s i t i o n ,  t h e  W - E f E L T 2 . 2  (BCL) 

c a l c u l a t i o n  unde rp red ic t ed  d e p o s i t i o n  by a f a c t o r  of 1.12, t h e  W T  (FN) 

c a l c u l a t i o n  by 3 . 4 ,  and a l l  o t h e r  c a l c u l a t i o n s  underes t imated  d e p o s i t i o n  

by f a c t o r s  ranging  from 1.5 t o  1.8. 

For CsOH depos i -  

Because d e p o s i t i o n  i n  bends and t u r b u l e n t - i n e r t i a l  d e p o s i t i o n  were 

bo th  s i g n i f i c a n t  i n  t es t  L A 3 A ,  it becomes d i E f i c u l t  t o  assess wi th  cer- 

t a i n t y  how w e l l  t h e  v a r i o u s  t u r b u l e n t - i n e r t i a l  models c a l c u l a t e d  t h e  LA3A 

r e s u l t s .  

a e r o s o l  d e p o s i t i o n  occurred  i n  bends i n  LA3A. Noting t h a t  most of t h e  

codes t h a t  d id  no t  i n c l u d e  bend models under -predic ted  measured a e r o s o l  

d e p o s i t i o n  by about a f a c t o r  of 2 o r  less s u g g e s t s ,  t hen ,  t h a t  t h e  turbu-  

l e n t  i n e r t i a l  models d i d  a reasonable  j o b  of c a l c u l a t i n g  t h e  d e p o s i t i o n  

t h a t  occur red  i n  t h e  s t r a i g h t  p i p e  segments i n  U 3 A .  

However, we should  recal l  t h a t  roughly 40% of t h e  measured 

The o v e r a l l  d e p o s i t i o n  r e s u l t s  f o r  t h e  TRAS-KELT2 (UK) c a l c u l a t i o n  

shown i n  Table  18 i l l u s t r a t e  t h a t ,  f o r  L A 3 A  c o n d i t i o n s ,  us ing  a t i m e -  

dependent o r  time-averaged a e r o s o l  sou rce  had RO major i n f l u e n c e  on the  

c a l c u l a t e d  o v e r a l l  d e p o s i t i o n ;  i n  f a c t ,  t h e  d iEfe rences  i n  t h e s e  r e s u l t s  

w a s  less than  1%. 
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C a l c u l a t e d  LA3A o v e r a l l  a e r o s o l  leakage  results a r e  i l l u s t r a t e d  i n  

F ig .  11 and Table  19. A l l  codes c a l c u l a t e d  more a e r o s o l  t r a n s p o r t  from 

t h e  p ipe  than  w a s  measured i n  LA3A. For CsOH t r a n s p o r t ,  AEROSIH-M (UK) 

o v e r p r e d i c t e d  leakage  by a f a c t o r  of 1.9,  W T  (FN) by a f a c t o r  of 4 . 4 ,  

and all o t h e r  c a l c u l a t i o n s  overes t imated  CsOH t r a n s p o r t  by f a c t o r s  

r ang ing  from 2 .3  t o  3.0. For MnO t r a n s p o r t ,  t h e  TRAP-XELT2.2 (BCL) calcu-  

l a t i o n  ove res t ima ted  leakage  by a f a c t o r  of 1.7,  t h e  RAFT (FN) by 3.3, 

and a l l  o t h e r  c a l c u l a t i o n s  ove rp red ic t ed  MnO t r a n s p o r t  by f a c t o r s  ranging 

from 2.1 t o  2.4.  

C a l c u l a t e d  a e r o s o l  s i z e - d i s t r i b u t i o n  parameters  f o r  tes t  LA3A are 

i l l u s t r a t e d  i n  Figs .  11 t o  15. All r e s u l t s  i n  t h e  f i g u r e s ,  except  t h e  

ones from t h e  TRAP-MEET2 (IT) c a l c u l a t i o n ,  were based on c a l c u l a t i o n s  

performed w i t h  mean aerosol -source-s ize  parameters. For LA3A, w e  r e c a l l  

from Table  15 t h a t  measured mean i n l e t  and o u t l e t  a e r o s o l  s i z e  parameters  

were: Min = 1.37 pm, AMMDout = 1.05 wn, GSDin = 1.97 ,  and GSDout  = 3.10. 

Comments on t h e  a e r o s o l  s i ze  r e s u l t s  i nc lude  t h e  fo l lowing:  

1. A l l  of t h e  A@lD r e s u l t s  i n  Figs .  11 and 1 2 ,  except those  from 

t h e  RAFT (FN), MCT-2 (NYPA), and TRAP-MELT2 ( IT)  c a l c u l a t i o n s  

fall i n  a similar band. The f a c t  t h a t  t h e  p r e d i c t e d  RAFT s i z e s  

were g r e a t e r  than  those  c a l c u l a t e d  wi th  t h e  o t h e r  codes i s  

c o n s i s t e n t  with t h e  f a c t  t h a t  RAFT c a l c u l a t e d  the  least  amount 

o f  a e r o s o l  d e p o s i t i o n  i n  t h e  p i p e .  A t  p r e s e n t  w e  cannot e x p l a i n  

why t h e  MCT-2 AMMD r e s u l t s  should be s l i g h t l y  h igher  than  those  

f r o m  t h e  o t h e r  TRAP-MELT2 c a l c u l a t i o n s ,  a l though we n o t e  froin 

Table  18 t h a t  MCT-2 c a l c u l a t e d  less o v e r a l l  d e p o s i t i o n  than  the  

o t h e r  TRAP-MELT-like codes. 

The TRAP-MELT2 ( I T )  AMMD r e s u l t s  were s l i g h t l y  lower than  a l l  

of t h e  o t h e r  ones p re sen ted .  However, t h i s  may be e x p l a i n a b l e  

by t h e  f a c t  t h a t  t h i s  c a l c u l a t i o n  w a s  done wi th  a v a r i a b l e  

sou rce  s i z e ,  and t h a t  the  source  AMMD measured a t  53 min (Table  

15) w a s  less than  the  mean source-s ize  va lue .  

2 .  Ca lcu la t ed  A;"IMD va lues  a t  the  p ipe  o u t l e t  ranged f rom 0.75 t o  

1 . 3  pm. These va lues  are reasonably c lose  t o  t h e  measured mean ' 
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3 .  

4 .  

4.2 TEST 

o u t l e t  AMMD of 1.05 prn- Note t h a t  s i x  of t h e  e i g h t  c a l c u l a t i o n s  

p r e d i c t e d  o u t l e t  AG?MD v a l u e s  i n  t h e  range of 0.75 t o  0.85 pm, 

a f a i r l y  narrow range. 

The most i n t e r e s t i n g  s ize-comparison r e s u l t  i s  t h a t  none of t h e  

code c a l c u l a t i o n s  p r e d i c t e d  t h e  measured i n c r e a s e  i n  GSD from 

tes t  LA3A. A l l  codes p r e d i c t e d  a decreased  GSD f o r  t h e  a e r o s o l  

t h a t  t r a n s p o r t e d  through t h e  p ipe .  P r e d i c t e d  p ipe -ou t l e t  GSD 

v a l u e s  ranged from 1.66 t o  2.07. 

The p r e d i c t e d  va lues  of GSD f rom t h e  "@-MELT2 ( I T )  

c a l c u l a t i o n  were h i g h e r  t h a n  c a l c u l a t e d  by t h e  o t h e r  codes.  

Again,  however, w e  b e l i e v e  t h a t  t h i s  was t h e  r e s u l t  of us ing  a 

v a r i a b l e  sou rce  s i z e  i n  t h i s  c a l c u l a t i o n .  

LA3B: 

A s  was noted i n  Sect. 2 ,  t h i s  tes t  w a s  performed wi th  a gas  flow 

v e l o c i t y  of -25 m/s and had an  o v e r a l l  MnO/Csl>H a e r o s o l  sou rce  mass r a t i o  

of -7.5. 
t h e  tes t  MSS ba lance  was good: 93.8% of t h e  Cs and 89.7% of t h e  I4n i n p u t  

t o  t h e  tes t  equipment was recovered.  

A s  f o r  LA3A and as was d i scussed  i n  t h e  LA3 t e s t  d a t a  r e p o r t , 2  

From t h e  r e s u l t s  p re sen ted  i n  Table  13 ,  we f i n d  t h a t  (1)  44.9X of  

t h e  CsOH,  49.9% of t h e  MnO, and 49.3% o €  t h e  t o t a l  a e r o s o l  recovered  

was t r a n s p o r t e d  o u t  of t h e  p i p e ,  ( 2 )  84.32 of  t h e  C s O B ,  92.1% of  t h e  YnO, 

and 91.2% of t h e  t o t a l  a e r o s o l  d e p o s i t i o n  i n  t h e  p ipe  occur red  i n  t h e  p i p e  

bends.  The bend d e p o s i t i o n  i n  LA3B as a f r a c t i o n  of t h e  t o t a l  d e p o s i t i o n ,  

w a s  even l a r g e r  t han  i n  t e s t  LA3A, and accounted f o r  a lmost  a l l  of t h e  

a e r o s o l  d e p o s i t i o n  t h a t  occur red .  

A s  i n  LA3A, t h e  o v e r a l l  d e p o s i t i o n  r e s u l t s  sugges t  t h a t  t h e  a e r o s o l  

e x i s t e d  l a r g e l y  as a mixed co-agglomerated a e r o s o l  i n  i t s  t r a n s p o r t  

th rough t h e  tes t  pipe.  However, t h e  measured a e r o s o l  d e p o s i t  MnO/CsOH 

mass r a t i o  r e s u l t s  p re sen ted  i n  F ig .  45 sugges t  t h a t  t h e  LA313 a e r o s o l  may 

n o t  have been f u l l y  coagglornerated. These r e s u l t s  show t h a t  i n  all of 

t h e  s t r a i g h t  p ipe  s e c t i o n s ' e x c e p t  s e c t i o n  18, t h e  measured I l n O / C s O H  depo- 
s i t  r a t i o  was s i g n i f i c a n t l y  less than  t h e  average  aerosol -source  value o f  
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7.5. Th i s  r e s u l t  e i t h e r  sugges t s  t h a t  t h e  MnO d e p o s i t e d  i n  s t r a i g h t  sec- 
t i o n s  w a s  easier t o  resuspend than  t h e  CsOH a e r o s o l ,  o r  t h a t  t h e  a e r o s o l  

w a s  not co-agglomerated and t h a t  N n O  d e p o s i t e d  less e f f i c i e n t l y ,  due t o  a 

d i f f e r e n t  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  i n  t h e  s t r a i g h t  p ipe  sec t i . ans .  

The measured p i p e - i n l e t  and p ipe -ou t l e t  a e r o s o l  s i z e  parameters f o r  

t e s t  LA38 are p resen ted  i n  Table  16 i n  Sece.  3 .  In c o n t r a s t  t o  t h e  

a e r o s o l - s i z e  r e s u l t s  f o r  tes t  LA3A (Table  15 ) ,  t h e  LA3B r e s u l t s  were "as 

expec ted"  i n  t h a t ,  f o r  bo th  t h e  C s O H  and MnO components, t h e  measured 

o u t l e t  AMMD v a l u e s  were less than  t h o s e  measured at t h e  p ipe  i n l e t .  FOP 

some of t h e  sampling t i m e s ,  t h e  o u t l e t  GSD was s l i g h t l y  l a r g e r  t han  t h e  

i n l e t  one; however, t h e  d i f f e r e n c e s  i n  t h e  i n l e t  and o u t l e t  va lues  f o r  

t h e s e  t i m e s  were w e l l  w i t h i n  expected 25% u n c e r t a i n t y  i n  t h e  GSD 

measurement.' 

o u t l e t  GSD v a l u e s  were less  than measured a t  t h e  p ipe  i n l e t .  

For t h e  mast p a r t ,  i t  can be s t a t e d  t h a t  f o r  LA3B t h e  

The r e s u l t s  from t h e  LA3B b l i n d  code comparisons were p re sen ted  i n  

S e c t .  3 i n  F igs .  16 through 29 and Tab les  20 and 21. Fo r  t h e  most p a r t ,  

t he  way t h a t  all, LA3B c a l c u l a t i o n s  were performed was similar t o  t h e  way 

t h a t  M A  c a l c u l a t i o n s  were performed. The comparison r e s u l t s  shown are 

f o r  t=3,600 s, t h e  end of t h e  a e r o s o l  sou rce  per iod .  R e s u l t s  from t h e  

MCT-2 (NYPA) c a l c u l a t i o n  were e x t r a p o l a t e d  r e s u l t s  from a c a l c u l a t i o n  t i m e  

o f  576 s; a l l  o t h e r  codes c a l c u l a t e d  t h e  f u l l  3,600 s of t h e  experiment .  

The o v e r a l l  a e r o s o l  d e p o s i t i a n  comparison r e s u l t s ,  i n  terms of t h e  

cumula t ive  amounts of a e r o s o l  d e p o s i t e d  as a f u n c t i a n  of d i s t a n c e  f rom t h e  

p i p e  i n l e t ,  are  presented  i n  F igs .  16 t o  21. For  each a e r o s o l  species,  

t h e  codes i n c l u d i n g  a bend d e p o s i t i o n  model were inc luded  on one p l a t ,  and 

t h e  codes wi thout  bend models were on a s e p a r a t e  p l o t .  Bar c h a r t s  

i l l u s t r a t i n g  comparisons of a e r o s o l  d e p o s i t i o n  i n  t h e  p ipe  bends a r e  p r e -  

s e n t e d  i n  F igs .  22 t o  24.  Comments on t h e  d a t a  i n  t h e s e  f i g u r e s  a r e  p re -  

s e n t e d  below: 

1. The mast s t r i k i n g  r e s u l t  from t h e  LA3B tes t  i s  t h e  m o u n t  of 

a e r o s o l  d e p o s i t i o n  t h a t  occur red  i n  t h e  p i p e  bends. Roughly 

90% of t h e  LA3B d e p o s i t i o n  occur red  i n  bends. 
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2. Another major r e s u l t  from t h e  LA3B test comparison is t h e  

e x c e l l e n t  agreement between t h e  TUP-tELT2.2 (BCL) r e s u l t s  and 

t h e  t e s t  r e s u l t s .  T h i s ,  however, i s  p a r t l y  due t o  t h e  f a c t  

t h a t  u n d e r p r e d i c t i o n  of bend d e p o s i t i o n  i s  compensated f o r  by 

o v e r p r e d i c t i o n  of d e p o s i t i o n  i n  s t r a i g h t  s e c t i o n s .  The c o w  
p a r i s o n s  of bend d e p o s i t i o n  in Figs .  22 t o  24 do however, 

i l l u s t r a t e  t h e  good agreement i n  p r e d i c t e d  LA3B bend d e p o s i t i o n  

by TRAP-MELT2.2. These r e s u l t s  sugges t  t h a t  t h e r e  i s  some merit. 

t o  t h e  bend-modeling approach used i n  TRAP-HELT2.2. 

3 .  The d e p o s i t i o n  p a t t e r n s  p r e d i c t e d  by a l l  of zhe o t h e r  codes,  

n e g l e c t i n g  t h e  small amounts of bend d e p o s i t i o n  p r e d i c t e d  by 

t h e  codes i n c l u d i n g  bend models, were q u i t e  s imilar .  With t h e  

e x c e p t i o n  of t h e  TRAP-MELT2.2 c a l c u l a t i o n ,  none of t h e  codes 

was a b l e  t o  s a t i s f a c t o r i l y  p r e d i c t  t h e  d e p o s i t i o n  p a t t e r n  

observed  i n  t h e  LA3B test. 

4 .  I f  we look a t  t h e  r e s u l t s  from t h e  "TRAP-tfELT-like" 

c a l c u l a t i o n s  where bend modeling was not  inc luded  , we see t h a t  

t h e  TRAPMELT2 (UK) and TRAP-MELT2 ( IT)  d e p o s i t i o n  p a t t e r n s  

were similar t o  each  o t h e r ,  wh i l e  the TRAP-KELT2 ( J N )  and MCT-2 

(NYPA) r e s u l t s  were similar t o  each o t h e r  but  no t  t o  t h e  o t h e r  

TW-MELT2 r e s u l t s .  For t h e s e  TRAP-MELT2 LA3B c a l c u l a t i o n s  , 
t u r b u l e n t - i n e r t i a l  d e p o s i t i o n  was t h e  major d e p o s i t i o n  

mechanism. The s imilar i t ies  and d i f f e r e n c e s  i n  t h e s e  r e s u l t s  

can  be exp la ined  s o l e l y  by look ing  a t  t h e  d i f f e r e n c e s  i n  

c a l c u l a t e d  t u r b u l e n t - i n e r t i a l  d e p o s i t i o n  v e l o c i t i e s ;  t h e s e  

r anges  were: ( 1 )  f o r  TW-MELT2 (UK): 0.93 t o  0 . 3 3  c m / s ,  

( 2 )  TRAP-MELT2 ( I T ) :  0.90 t o  0 .27  cm/s, (3 )  TRAS-:ELT2 ( J N ) :  3.30 
t o  0.10 c m / s ,  and ( 4 )  MCT-2 (NYPA): 0.35 t o  0.10 cm/s. We 

cannot ,  however, p r e s e n t l y  e x p l a i n  why t h e  d i f f e r e n t  TRAP-XELr 

c a l c u l a t i o n s  produced d i f f e r e n t  r e s u l t s  f o r  c a l c u l a t e d  

t u r b u l e n t - i n e r t i a l  d e p o s i t i o n  v e l o c i t i e s .  

5 .  A close look a t  t h e  comparison r e s u l t s  p re sen ted  i n  F i g s .  16 t o  

21  shows t h a t  many of t h e  codes - p a r t i c u l a r l y  those  codes chat 

d i d  not  i nc lude  a bend d e p o s i t i o n  model - p r e d i c t e d  more 



d e p o s i t i o n  i n  t h e  s t r a i g h t  s e c t i o n s  of p i p e  than  was measured 

i n  test J A 3 B .  The g r a p h i c a l  r e s u l t s  i l l u s t r a t e  tha t ,  even i n  

t h e  upstream s e c t i o n s  of p ipe ,  t h e  measured d e p o s i t i o n  p r o f i l e s  

in t h e  s t r a i g h t  s e c t i o n s  were nearby f l a t .  Th i s  r e s u l t  is 

i n d i c a t e d  more c l e a r l y  i n  Table  1 3 ,  where w e  see t h a t  t h e  

maximum amount of a e r o s o l  (CsOB 9 MnO) d e p o s i t e d  i n  any of t h e  

s t r a i g h t  s e c t i o n s  of p i p e  was less than  20 g. Even f o r  t h e  

TRAP-MELT2.2 (BCL) c a l c u l a t i o n ,  where s i g n i f i c a n t  bend 

d e p o s i t i o n  w a s  p r e d i c t e d ,  t h e  d e p o s i t i o n  i n  t h e  s t r a i g h t  p i p e  

s e c t i o n s  w a s  over-estimated. 

A major r e a s o n  f o r  t h i s  comparison r e s u l t  i s  t h a t  most 

c a l c u l a t i o n s  s i g n i f i c a n t l y  under-estimated bend d e p o s i t i o n ,  so 

t h e r e  w a s  a g r e a t e r  d r i v i n g  f o r c e  f o r  d e p o s i t i o n  (due t n  

h i g h e r  a i r b o r n e  c o n c e n t r a t i o n s )  i n  t h e  s t r a i g h t  p i p e  s e c t i o n s .  

Another p o s s i b l e  e x p l a n a t i o n ,  however, i s  t h a t  a e r o s o l s  

i n i t i a l l y  d e p o s i t e d  i n  s t r a i g h t  s e c t i o n s  could have been 

resuspended from t h e s e  s e c t i o n s  and c a r r i e d  downstream. 

6 .  The comparisons of t h e  c a l c u l a t e d  bend-deposit ion by t h e  

v a r i o u s  models (F igs .  22 to 2 4 )  produced somewhat d i f f e r e n t  

conc lus ions  than  f o r  LA3A. As d i s c u s s e d  p r e v i o u s l y ,  t h e  TK4P- 

MELT2.2 (BCL) c a l c u l a t i o n  d i d  an e x c e l l e n t  j o b  of p r e d i c t i n g  

t h e  LA3B bend d e p o s i t i o n .  However, f o r  LA3B, t h e  Stokes-number 

impact ion models i n  HAA4 and  RAFT p r e d i c t e d  more bend 

d e p o s i t i o n  than d i d  t h e  turbulence-ef f ec t  model i n  t h e  -4EROSIrl- 

M (UK) c a l c u l a t i o n .  Th i s  d i f f e r s  from t h e  LA3A r e s u l t ,  where 

t h e  AEROSIM-M (UK) model p r e d i c t e d  more bend d e p o s i t i o n .  

Tab le  2 0  summarizes o v e r a l l  measured and c a l c u l a t e d  a e r o s o l  

d e p o s i t i o n  r e s u l t s  f o r  LA3B. Even though bend d e p o s i t i o n  was r e l a t i v e l y  

more important  i n  LA3B than i n  LA3A, t h e  u n c e r t a i n t i e s  i n  t h e  t o t a l  

c a l c u l a t e d  amounts of a e r o s o l  d e p o s i t i o n  f o r  LA373 were s imilar  t o  those  

f o r  LA3A. For C s O H  d e p o s i t i o n  i n  LA3E, the  TRAP-ELr2.2 (BCL) c a l c u l a -  

t i o n  underest imated d e p o s i t i o n  by o n l y  a f a c t o r  of 1.01, t h e  !lCT-2 (NYPA) 

c a l c u l a t i o n  underest imated d e p o s i t i o n  by 3 . 2 ,  and a l l  o t h e r  c a l c u l a t i o n s  

u n d e r p r s d i c t e d  d e p o s i t i o n  by f a c t o r s  ranging from 1 .7  t o  3 .2 .  For !-in0 
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. d e p o s i t i o n ,  t h e  TRAP-MELT2.2 (BCL) c a l c u l a t i o n  ove rp red ic t ed  d e p o s i t i o n  

by only a f a c t o r  of 1.05, t h e  MCT-2 (NYPA) c a l c u l a t i o n  underpredic ted  

d e p o s i t i o n  by a f a c t o r  of 3.0, and a l l  o t h e r  c a l c u l a t i o n s  underes t imated  

d e p o s i t i o n  by f a c t o r s  ranging  from 1.5 t o  2.9. 

The o v e r a l l  d e p o s i t i o n  r e s u l t s  f o r  t h e  TRAP-MELT2 ( U K )  c a l c u l a t i o n  

shown i n  Table  20 i l l u s t r a t e  t h a t ,  as i n  t h e  LA3A c a l c u l a t i o n s ,  u s ing  a 

time-dependent or time-averaged a e r o s o l  sou rce  had no major i n f l u e n c e  on 

t h e  c a l c u l a t e d  o v e r a l l  d e p o s i t i o n ;  t h e  d i f f e r e n c e s  i n  t h e s e  r e s u l t s  were 

less than  4% (compared t o  1% f o r  LA3A).  

C a l c u l a t e d  LA3B o v e r a l l  a e r o s o l  leakage  resu l t s  are i l l u s t r a t e d  i n  

P ig .  25 and Table  21. As f o r  LA38, a l l  codes c a l c u l a t e d  more a e r o s o l  

t r a n s p o r t  from t h e  p i p e  than w a s  measured i n  tes t  LA3B. For CsOH 

t r a n s p o r t ,  TRAP-MELT2.2 (BCL) ove rp red ic t ed  leakage  by a f a c t o r  of 1.24, 

MCT-2 (NYPA) and TRAP-MELT2 (JN) by a f a c t o r  of 2.0,  and a l l  o t h e r  

c a l c u l a t i o n s  overes t imated  C s O H  t r a n s p o r t  by f a c t o r s  ranging from 1 .7  t o  

1.9. For Elno t r a n s p o r t ,  t h e  TRAP-MELT2.2 (BCL) c a l c u l a t i o n  over-  

e s t i m a t e d  leakage  by a f a c t o r  of 1.07, t h e  MCT-2 (NYPA) c a l c u l a t i o n  by 

1 .7 ,  and a l l  o t h e r  c a l c u l a t i o n s  ove rp red ic t ed  HnO t r a n s p o r t  by f a c t o r s  

r ang ing  from 1.5 t o  1.7. The agreement i n  leaked-mass c a l c u l a t i o n s  i s  

b e t t e r  f o r  LA3B t h a n  f o r  TA3A because a l a r g e r  f r a c t i o n  of t he  a e r o s o l  

sou rce  mass was t r a n s p o r t e d  o u t  of t h e  p ipe  i n  L M B .  

C a l c u l a t e d  a e r o s o l  s i z e - d i s t r i b u t i o n  parameters  f o r  tes t  LA3B a r e  

i l l u s t r a t e d  i n  Figs .  26 t o  29. A l l  r e s u l t s  i n  t h e  f i g u r e s  except  t he  

ones  from t h e  TRAP-MELT2 ( IT)  c a l c u l a t i o n  were based on c a l c u l a t i o n s  

performed wi th  mean aerosol -source  s ize  parameters .  For LA3B, w e  r e c a l l  

from Table  16 t h a t  measured mean i n l e t -  and o u t l e t -  a e r o s o l  s i z e  param- 

eters were: min = 2.42 u m ,  AMMDout = 1.77 pm, G S D i n  = 2.01, and 

GSDout = 1.82. Comments on t h e  a e r o s o l  s i z e  r e s u l t s  i nc lude  t h e  

fo l lowing :  

1. There were s i g n i f i c a n t  d i f f e r e n c e s  among the  UIMD p r o f i l e s  

c a l c u l a t e d  by d i f f e r e n t  ve r s ions  of t h e  TRAP-MELT code and by 

t h e  o t h e r  codes (RAFT, AEROSIM-f.1, and t IAA4). The r e s u l t s  i n  

F igs .  26 and 27 show t h a t ,  f o r  a l l  of t h e  TRM-5NELT 
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2. 

c a l c u l a t i o n s ,  t h e  c a l c u l a t e d  AMMD i n  t h e  f i r s t  p ipe  s e c t i o n  

modeled w a s  between 2.03 and 1.78 urn, a s i g n i f i c a n t  drop from 

the aerosol -source  va lue  of 2.42 pm. The Af.IMD c a l c u l a t e d  by 

HAA.4 i n  t h e  f i r s t  s e c t i o n  w a s  roughly 2.15 ym, but  t h e  va lues  

c a l c u l a t e d  by AEROSIM-M and RAFT were g r c a t e ~  than  2 .3  ym. 

Another  d i f f e r e n c e  is t h a t  t h e  AMMD p r o f i l e s  c a l c u l a t e d  by t h e  

d i f f e r e n t  TRAP-MELT v e r s i o n s  tended t o  be " f l a t t e r "  - less 
change i n  AMMD from t h e  f i r s t  p ipe  s e c t i o n  modeled t o  t h e  l a s t  

- t h a n  t h e  p r o f i l e s  c a l c u l a t e d  by t h e  o the r  codes.  

We b e l i e v e  t h a t  t h i s  d i f f e r e n c e  is caused l a r g e l y  by, as w a s  

d i s c u s s e d  i n  t h e  LA3 p r e t e s t  r e p o r t , 1 4  t h e  f a c t  t h a t  t h e  TRAP- 

MELT code i n c o r r e c t l y  c a l c u l a t e s  the aerosol AMMD and, i n  f a c t ,  

t e n d s  t o  under -es t imate  i t .  Appendix A p r e s e n t s  a l e t t e r  t h a t  

w a s  s e n t  t o  us  by t h e  UKAEA W i n f r i t h  s t a f f ;  i t  d i s c u s s e s  nodi- 

f i c a t i o n s  t h a t  they have made t o  TRAP-MELT AMMD c a l c u l a t i o n s .  

A s  f o r  the LA3A c a l c u l a t i o n s ,  t h e  TflAP-r\llELT2 ( I T )  c a l c u l a t i o n  

w a s  performed wi th  a v a r i a b l e  sou rce  s i z e .  However, t h e  sou rce  

s i z e  used f o r  times nea r  3,600 s was about  2.5 pm, s i g n i f i c a n t l y  

g r e a t e r  t h a n  t h e  va lue  of 1.78 ym c a l c u l a t e d  f o r  t h e  f i r s t  p ipe  

sect ion .  

There were a l s o  d i f f e r e n c e s  among t h e  p r o f i l e s  c a l c u l a t e d  by t h e  

RAFT, AEROSIM-M, and W 4  codes.  I n  a d d i t i o n ,  t h e  downward 

s l o p e  of t h e  AMMD curve c a l c u l a t e d  by tIAA4 was s l i g h t l y  g r e a t e r  

t h a n  t h a t  c a l c u l a t e d  by AEROSIX-M and RAFT. We b e l i e v e  t h a t  

t h e s e  d i f f e r e n c e s  can p a r t i a l l y  be expla ined  by t h e  f a c t  t h a t ,  

f o r  U 3 B ,  t h e  RAFT (FN) c a l c u l a t i o n  p r e d i c t e d  less d e p o s i t i o n  

i n  t h e  f i r s t  p ipe  s e c t i o n  and f o r  t h e  whole p ipe  than  was 

p r e d i c t e d  by HAA4 and AEROSIX-M; t h e r e f o r e ,  we  would expec t  less 

change i n  t h e  KAFT a e r o s o l  s i z e .  I n  a d d i t i o n ,  t h e  observed d i f -  

f e r e n c e s  may a l s o  be t h e  r e s u l t  of t h e  f a c t  t h a t  t h e  W 4  ca lcu-  

l a t i o n  does not  model a e r o s o l  agglomera t ion  whereas the  o t h e r  

c a l c u l a t i o n s  do inc lude  agglomerat ion.  
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3.  The o u t l e t  AMMD va lues  p r e d i c t e d  by t h e  v a r i o u s  TRAP-MELT and 

HAA4 c a l c u l a t i o n s  were c l o s e r  t o  the  measured mean va lue  of 1.77 

pm t h a n  were t h e  results from the  RAFT and AEROSIM-M c a l c u l a -  

tions. However, t h i s  comparison is  probably not meaningful 

s i n c e  t h e  TRAP-MELT v e r s i o n s  i n c o r r e c t l y  c a l c u l a t e  t h e  AMMD. 

4 .  All codes,  except  t h e  TRAPMELT2 ( I T ) ,  c a l c u l a t e d  t h a t  t h e  aero- 

s o l  GSD a t  t h e  p ipe  o u t l e t  w a s  less than  t h e  i n l e t  v a l u e  which 

i s  c o n s i s t e n t  w i th  the  measured mean va lues  f o r  tes t  LA3B. 

C a l c u l a t e d  o u t l e t  GSD va lues  - exc lud ing  t h e  TRAP-MELT2 ( I T )  one 

- ranged from 2.0 t o  1.8 which compared w e l l  t o  t h e  measured 

mean o u t l e t  va lue  of 1.82. 

I n  t h e  TRAP-MELT2 ( I T )  c a l c u l a t i o n ,  t h e  GSD dec reased  from 2.34 

i n  p ipe  sect ions 4 and 5 t o  2.24 i n  s e c t i o n s  11 t o  16; however, 
t h e  GSD then  i n c r e a s e d  t o  a va lue  of 2.65 i n  p i p e  s e c t i o n s  

17 t o  21. This  does not  make p h y s i c a l  s ense  i n  terms of t h e  

modeling approach used i n  TRAP-MELT2 and s u g g e s t s  a numerical  

i n s t a b i l i t y  i n  t h e  TRAP-MELT2 ( I T )  c a l c u l a t i o n .  Correspondence 

w i t h  t h e  code a n a l y s t s  confirmed t h a t  t h i s  was t h e  cause of t h e  

problem. 

5 .  The MROSIM-M (UK), RAFT (FN),  TRAP-HELT2 (-LJK), and TKAP- 

MELT2.2 (BCL) c a l c u l a t i o n s  p r e d i c t e d  an i n s i g n i f i c a n t  change i n  
t h e  a i r b o r n e  GSD as the  a e r o s o l  w a s  t r a n s p o r t e d  through the  

pipe.  However, a l l  o t h e r  c a l c u l a t i o n s  [ excep t  f o r  t h e  

TRAP-blELT2 (JN), HAA4 (RI), and TRAP-MELT2 ( IT)  c a l c u l a t i o n s ]  , 
p r e d i c t e d  a drop in GSD as t h e  a e r o s o l  passed from the  p i p e  

i n l e t  t o  t h e  f i r s t  modeled-pipe-control volume and then l i t t l e  

change i n  GSD as t h e  a e r o s o l  was t r a n s p o r t e d  through the  p i p e .  

A t  p r e s e n t ,  we do not have an o v e r a l l  e x p l a n a t i o n  f o r  t h e s e  

observed  d i f f e r e n c e s  i n  t h e  c a l c u l a t e  GSD p r o f i l e s .  

The HAA4 (RI) and TRAP-MELT2 ( J N )  GSD p r o f i l e s  showed more 

change in c a l c u l a t e d  GSD f rom t h e  f i r s t  p i p e  s e c t i o n  t o  the 

o u t l e t  s e c t i o n  than  t h e  o t h e r s .  The fac t  t h a t  'MA4 does  not 

model agglomera t ion  probably accounts  f o r  t h e  HAA4 r e s u l t s ;  t h e  
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s l i g h t  d i f f e r e n c e  between TW-MELT2 ( J N )  GSD r e s u l t s  and those  

c a l c u l a t e d  by o t h e r  TRAP-MELT2 v e r s i o n s  cannot p r e s e n t l y  be 

exp la ined .  

4.3 TEST U3C: 

As w a s  noted i n  Sect. 2, tes t  LA3C was performed wi th  a gas flow 

v e l o c i t y  of -24 m / s ,  and it  had an  o v e r a l l  M O / C s O H  a e r o s o l  sou rce  mass 

r a t i o  of -1.4. As f o r  t h e  o t h e r  two tes t s  and as w a s  d i scussed  i n  t h e  LA3 

t e s t  d a t a  report,2 t h e  test mass balance  w a s  good: 89.8% of t h e  C s  and 

85.6% of t h e  Mn i n p u t  t o  the. t es t  equipment was recovered.  

From t h e  r e s u l t s  p re sen ted  i n  Tab le  1 4 ,  we f i n d  t h a t  (1) 19.8% of 

t h e  CsOH, 22.2% of t h e  MnO, and 21.2X of she t o t a l  a e r o s o l  recovered  was 

t r a n s p o r t e d  ou t  of t h e  p ipe ,  ( 2 )  34.8% of t h e  CsOH, 45.8% of the  XnO, and 

41.1% of t h e  t o t a l  a e r o s o l  d e p o s i t i o n  i n  t h e  p ipe  occurred  i n  t h e  p i p e  

bends. The f r a c t i o n  of t h e  t o t a l  a e r o s o l  d e p o s i t i o n  due t o  bend depos i -  

t i o n  i n  LA3C w a s  similar t o  t h a t  i n  U 3 A ,  even though t h e  gas  v e l o c i t y  i n  

LA3C w a s  -30% t h a t  i n  LA3A. 

A s  for tests M3A and LA3B, t h e  o v e r a l l  d e p o s i t i o n  and t r a n s p o r t  

r e s u l t s  aga in  sugges t  t h a t  a mixed, eo-agglomerated a e r o s o l  flowed 

through t h e  p ipe ,  a l though f o r  LA3C t h e  amount of 310 bend d e p o s i t i o n  was 

s i g n i f i c a n t l y  l a r g e r  t han  t h a t  f o r  CsOH. However, t h e  measured d e p o s i t  

MnO/CsOH mass r a t i o  r e s u l t s  p re sen ted  in F i g .  46 a g a i n  show, as f o r  t e s t  

LA3€3, t h a t  t h e  t A 3 C  a e r o s o l  may have not  been f u l l y  coagglomerated. The 

LA3C r e s u l t s  i n d i c a t e  enhancement of H n O  a e r o s o l  d e p o s i t i o n  i n  t h e  p i p e  

bends,  a l though t h i s  r e s u l t  w a s  not  as pronounced as observed i n  t e s t  

LA3B. 

T e s t  U 3 C  d a t a  were unique compared t o  those  from t h e  o t h e r  two 

tests in t h a t  a s i g n i f i c a n t  amount of a e r o s o l  d e p o s i t i o n  occurred  i n  p i p e  

s e c t i o n  4 ,  a 2.26- l e n g t h  v e r t i c a l  s e c t i o n  ( t h e  f i r s t  p ipe  s e c t i o n  

modeled).  I n  t h a t  p i p e  s e c t i o n ,  46.1% of t he  CsOH, 36.4Z o f  t h e  ?lnO, and 

40.6% of t h e  t o t a l  a e r o s o l  d e p o s i t i o n  occurred .  I n  comparison, i n  LA3.4, 

16.3% of t h e  t o t a l  a e r o s o l  d e p o s i t i o n  occurred  i n  s e c t i o n  4 ,  whi le  

i n  LA3B,  1.4% of t h e  t o t a l  aerosol d e p o s i t i o n  occurred i n  s e c t i o n  4 .  If 
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we,  i n  a d d i t i o n ;  combine t h e  d e p o s i t i o n  t h a t  occur red  i n  s e c t i o n  4 wi th  

t h a t  from t h e  f i r s t  p ipe  bend, w e  see t h a t  62.4% of t h e  CsQH,  59.3% of t h e  

MnO, and 62.5% of t h e  t o t a l  a e r o s o l  d e p o s i t i o n  occurred  i n  t h e  f i r s t  two 

p i p e  s e c t i o n s  i n  LA3C. 

f o r  U 3 C  i n  p i p e  s e c t i o n  4 i s  t h a t  t h e  LA3C a e r o s o l  w a s  " s t i c k i e r "  t han  

t h a t  i n  tests EA3A and LA3B. Test LA3C had a h ighe r  p r o p o r t i o n  of C s O H  

a e r o s o l  t han  d i d  t h e  o t h e r  two tests; t h e  CsOH mass f r a c t i o n  i n  LA3C w a s  

g r e a t e r  t han  t h a t  i n  LA3A and LA3B by more than  a f a c t o r  of 3. It may be,  

t hen ,  t h a t  some of t h e  a e r o s o l  t h a t  i n i t i a l l y  depos i t ed  i n  s e c t i o n  4 i n  

LA3A and LA3B was resuspended and t r a n s p o r t e d  t o  downstream p i p e  s e c t i o n s .  

One p o s s i b l e  e x p l a n a t i o n  €or t h e  h ighe r  d e p o s i t i o n  

The measured p i p e - i n l e t  and p ipe-out le t  a e r o s o l  s i z e  parameters f o r  

test  LA3C are p resen ted  i n  Table  17 i n  S e c t .  3. I n t e r e s t i n g  o b s e r v a t i o n s  

r e l a t e d  t o  t h e s e  r e s u l t s  are as fo l lows:  

1. A t  all sampling t i m e s ,  t h e  measured o u t l e t  A t  v a l u e s  were 

less than  measured a t  t h e  p ipe  i n l e t .  I n  comparing t h e  LA3B 

and LA3C s i z e  r e s u l t s ,  we see t h a t  t h e  change i n  a e r o s o l  s i z e  

due t o  t r a n s p o r t  through t h e  p i p e  f o r  t e s t  LA3C was s i g n i f i -  

c a n t l y  g r e a t e r  t han  f o r  t e s t  LA3B. 

2 .  For t h e  CsOH and MnO a e r o s o l ,  t h e  measured o u t l e t  GSD was less  

t h a n  t h e  p i p e - i n l e t  va lue  a t  each sampling t i m e .  

The r e s u l t s  from t h e  LA3C b l i n d  code comparisons were p resen ted  i n  

Sect. 3 i n  F igs .  30 through 43 and Tables 2 2  and 23. For t h e  most par t ,  

t h e  way t h a t  a l l  LA3C c a l c u l a t i o n s  were performed was similar t o  t h e  way 

t h a t  LA3A and U3B c a l c u l a t i o n s  were performed. The comparison r e s u l t s  

shown are f o r  t=3,600 s, t h e  end of t h e  a e r o s o l  sou rce  per iod.  R e s u l t s  

from t h e  MCT-2 (NYPA) c a l c u l a t i o n  were e x t r a p o l a t e d  r e s u l t s  f r o n  a ca lcu-  

l a t i o n  t i m e  of 570 s ,  and TR.4P-PELT2 ( J N )  r e s u l t s  were e x t r a p o l a t e d  from 

a c a l c u l a t i o n a l  t i m e  of 3,000 s ;  a l l  o t h e r  codes c a l c u l a t e d  t h e  f u l l  

3,600 s of t h e  experiment.  

The o v e r a l l  a e r o s o l  d e p o s i t i o n  comparison r e su l t s ,  i n  teriils of t h e  

cumula t ive  amounts of a e r o s o l  depos i t ed  as a f u n c t i o n  of d i s t a n c e  f r o n  

t h e  p ipe  i n l e t ,  a r e  p re sen ted  i n  F igs .  30 t o  35. For each a e r o s o l  spe- 

c ies ,  t h e  codes inc lud ing  a bend d e p o s i t i o n  model were inc luded  011 one 
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p l o t ,  and t h e  codes wi thout  bend models were g iven  on a s e p a r a t e  p l o t .  

Bar c h a r t s  i l l u s t r a t i n g  comparisons of a e r o s o l  d e p o s i t i o n  in t h e  p i p e  

bends are g iven  i n  F igs .  36 t o  38. Comments on t h e  d a t a  i n  t h e s e  f i g u r e s  

are l i s t e d  below: 

1. None of the LA3C c a l c u l a t i o n s  were a b l e  t o  p r e d i c t  t h e  measured 

a e r o s o l  d e p o s i t i o n  i n  v e r t i c a l  p i p e  s e c t i o n  4 .  A l l  of the 

codes underes t imated  t h e  a e r o s o l  d e p o s i t i o n  i n  p i p e  s e c t i o n  4 

by more than  a f a c t o r  of 8, some more than  a f a c t o r  of 20. 
S ince  the a e r o s o l  d e p o s i t i o n  in s e c t i o n  4 accounted f o r  as much 

as 40%. the t o t a l  d e p o s i t i o n  i n  LCWC, t h i s  meant t h a t  none of 

t h e  codes could  adequate ly  c a l c u l a t e  t h e  d e p o s i t i o n  p a t t e r n  

observed i n  L a c .  

W e  can only s p e c u l a t e  a t  t h i s  t i m e  as t o  t h e  reason  f o r  t h e  

h i g h  d e p o s i t i o n  i n  p ipe  s e c t i o n  4 i n  LA3C.  P r e s e n t l y ,  we t h i n k  

t h a t  th i s  w a s  p o s s i b l y  t h e  r e s u l t  of t h e  h ighe r  CsOH ae roso l -  

s o u r c e  f r a c t i o n  i n  LA3C. Since  t h e  L 4 3 C  a e r o s o l  would be 

expec ted  t o  be "stickier" than  t h a t  i n  LA3A and LA3B, t h e r e  

cou ld  have been less l i k e l i h o o d  of a e r o s o l  resuspens ion  o r  

r e l o c a t i o n  from t h e  s u r f a c e  of p ipe  s e c t i o n  4 .  Also,  w e  should 

n o t e  t h a t  t h e  upstream end of s e c t i o n  3 of t h e  LA3C p i p e  w a s  

n e a r l y  plugged; i t  i s  p o s s i b l e  t h a t  t h i s  near-plugging had 

a n  i n f l u e n c e  on t h e  f low p a t t e r n s  and r e s u l t i n g  a e r o s o l  deposi-  

t i o n  p a t t e r n s  i n  p ipe  s e c t i o n  4 .  

2. The c a l c u l a t i o n  t h a t  came t h e  c l o s e s t  t o  p r e d i c t i n g  the  t o t a l  

amount of a e r o s o l  d e p o s i t i o n  t h a t  occur red  i n  LA3C was t he  

TRAP-fBLT2.2 (BCL) c a l c u l a t i o n .  All of t h e  o t h e r  c a l c u l a t i o n s  

p r e d i c t e d  f a i r l y  similar amounts of t o t a l  a e r o s o l  d e p o s i t i o n .  

However, that: r e s u l t  i s  somewhat dece iv ing ,  and t h e  reason i s  
i l l u s t r a t e d  i n  t h e  bend d e p o s i t i o n  comparisons i n  FFgs. 36 t o  

38. Although t h e  TRAP-MELT2.2 ( B C L )  c a l c u l a t i o n  underes t imated  

t h e  amount of aerosol  d e p o s i t i o n  t h a t  occurred i n  t h e  f i r s t  

p i p e  bend, i t  overes t imated  t h e  d e p o s i t i o n  in t h e  o t h e r  bends 

by more than  a f a c t o r  of 2 i n  some cases. The ove res t ima t ion  



of t h e  bend d e p o s i t i o n  i n  a l l  but  t h e  f i r s t  bend is l a r g e l y  

r e s p o n s i b l e  f o r  TRAP-MELT2.2 p r e d i c t i n g  g r e a t e r  d e p o s i t i o n  than  

t h e  o t h e r  codes (more about t h i s  l a t e r ) .  

3 .  I f  we a g a i n  look a t  t h e  r e s u l t s  from t h e  “TW-mLT-Pike” 

c a l c u l a t i o n s  where bend modeling w a s  not i nc luded ,  we  aga in  see 

t h a t  t h e  TRAP-MEL’P’Z (UK) and TW-ME&T% ( I T )  d e p o s i t i o n  p a t -  

t e r n s  were s imilar ,  and t h e  TRAP-MELT2 ( J N )  and MCT-2 (NYPA) 

r e s u l t s  were s i m i l a r  bu t  not t o  t h e  o t h e r  TW-MELT2 r e s u l t s ,  

For LA3B, t h e  similarities and d i f f e r e n c e s  i n  t h e s e  r e s u l t s  can 

b e  exp la ined  s o l e l y  by looking  a% t h e  d i f f e r e n c e s  i n  c a l c u l a t e d  

t u r b u l e n t - i n e r t i a l  d e p o s i t i o n  v e l o c i t i e s .  These ranges  were: 

(1) f o r  TW-NELT2 (W): 0.30 t o  0.17 C ~ S ,  ( 2 )  TRAP-P.IELT2 

( I T ) :  0.32 t o  0.18 cm/s, ( 3 )  TRAP-MELT2 (JN): 0.11 t o  0.07 
a d s ,  and ( 4 )  MCT-2 (NYPA): 0.23 eo 0.07 c d s .  A s  f o r  t h e  LA3B 

r e s u l t s ,  we cannot  p r e s e n t l y  e x p l a i n  why t h e  d i f f e r e n t  T U P -  

KELT c a l c u l a t i o n s  produced d i f f e r e n t  r e s u l t s  f o r  c a l c u l a t e d  

t u r b u l e n t - i n e r t i a l  d e p o s i t i o n  v e l o c i t i e s .  

We find i t  i n t e r e s t i n g  t o  n o t e  t h a t ,  a l though LA3B and LA36 were 

performed wi th  similar f low v e l o c i t i e s ,  t h e  ranges of d e p o s i t i o n  

v e l o c i t i e s  mentioned above f o r  t h e  TRAP-PfEL’T c a l c u l a t i o n s  were 

abauc a f a c t o r  of 3 less than  those c a l c u l a t e d  f o r  t e s t  LA3R. 

We b e l i e v e  t h a t  t h i s  i s  p u r e l y  due eo t h e  f a c t  t h a t  t h e  LA3B 

sou rce  a e r o s o l  w a s  l a r g e r  t han  t h a t  f o r  t e s t  LA3C (Tables  E6 and 

1 7 ) .  

4 .  The comparisons of t h e  c a l c u l a t e d  bend d e p o s i t i o n  by t h e  

d i f f e r e n t  models f o r  LA3C ( F i g s .  36 t o  38) l e a d  t o  conc lus ions  

s imilar  t o  those  reached i n  e v a l u a t i n g  LA3l3 bend r e s u l t s .  As 

w a s  mentioned p rev ious ly ,  t h e  TRAP-MELT2.2 (BCL) c a l c u l a t i o n  

ove res t ima ted  bend d e p o s i t i o n  f o r  a l l  but  t h e  f i r s t  bend. All 

o t h e r  c a l c u l a t i o n s ,  as be fo re ,  unde rp red ic t ed  d e p o s i t i o n  i n  a l l  

of t h e  bends. For t h e  LA3B r e s u l t s ,  t h e  Stokes- impact ion model; 

i n  RAFT and HAA4 c a l c u l a t e d  more d e p o s i t i o n  than  d id  t h e  t u r -  

bulence-enhanced model. i n  AEROSIIY-M. 
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For t h e  f i r s t  t h r e e  bends,  t h e  TRAP-NELT2.2 bend model d i d  t h e  

b e s t  j o b  of p r e d i c t i n g  t h e  bend r e s u l t s ;  however, f o r  t h e  last  

three p i p e  s e c t i o n s ,  t h e  r e s u l t s  i n  f a c t  sugges t  t h a t  t h e  

Stokes- impact ion models d i d  t h e  b e s t  job of modeling t h e  LA3C 

r e s u l t s .  However, a l l  of t h e s e  comparisons are i n f luenced  by 

t h e  f a c t  t h a t  none of t h e  codes could p r e d i c t  t h e  measured 

d e p o s i t i o n  i n  p ipe  s e c t i o n  4 .  I f  t h e  TRAP-MELT2.2 (BCL) 

c a l c u l a t i o n  had been a b l e  t o  p r e d i c t  t h e  s e c t i o n  4 d e p o s i t i o n ,  

i t  is l i k e l y  t h a t  i t  would a l s o  have done a much-improved j o b  

of p r e d i c t i n g  t h e  o v e r a l l  bend d e p o s i t i o n  resul ts .  On t h e  

o t h e r  hand, i f  t h e  o t h e r  bend codes had p r e d i c t e d  the  s e c t i o n  4 

d e p o s i t i o n ,  they would have p r e d i c t e d  even less d e p o s i t i o n  i n  

t h e  p ipe  bends than they d i d  (due t o  t h e  decreased  a i r b o r n e  

a e r o s o l  c o n c e n t r a t i o n  t h a t  would have been a v a i l a b l e  € o r  bend 

d e p o s i t i o n ) .  

Table  22 summarizes o v e r a l l  measured and c a l c u l a t e d  a e r o s o l  deposi-  

t i o n  r e s u l t s  f o r  LA3C. A l l  codes had a more d i f f i c u l t  t i m e  of p r e d i c t i n g  

t h e  o v e r a l l  d e p o s i t i o n  r e s u l t s  f o r  LA3C than  f o r  t h e  o t h e r  two t e s t s .  

F o r  CsOH d e p o s i t i o n  i n  U 3 C ,  t h e  TRAP-MELT2.2 (BCL) c a l c u l a t i o n  under- 

e s t i m a t e d  d e p o s i t i o n  by a f a c t o r  of 1.7,  t h e  TRAP-ELT2 ( J N )  c a l c u l a t i o n  

unde res t ima ted  d e p o s i t i o n  by a f a c t o r  of 8.4 ,  and a l l  o t h e r  c a l c u l a t i o n s  

unde rp red ic t ed  d e p o s i t i o n  by f a c t o r s  ranging from 3 .6  t o  5.7. For XnO 

d e p o s i t i o n ,  t h e  TRAP-MELT2.2 (BCL) c a l c u l a t i o n  underpredic ted  d e p o s i t i o n  

by a f a c t o r  of 1 .6 ,  t h e  TRAP-MEL'r2 (JN) c a l c u l a t i o n  underpredic ted  

d e p o s i t i o n  by a f a c t o r  of 7.6, and a l l  o t h e r  c a l c u l a t i o n s  underes t imated  

d e p o s i t i o n  by f a c t o r s  ranging  from 3 . 3  t o  5.5. 

The o v e r a l l  d e p o s i t i o n  r e s u l t s  € o r  the TUP-XELT2 (UK) c a l c u l a t i o n  

shown i n  Table  22 i l l u s t r a t e  t h a t ,  as i n  t h e  LA3A and L43B c a l c u l a t i o n s ,  

u s i n g  a time-dependent o r  time-averaged a e r o s o l  sou rce  had no major 

i n f l u e n c e  on t h e  c a l c u l a t e d  o v e r a l l  d e p o s i t i o n ;  t h e  d i f f e r e n c e s  i n  these 

r e s u l t s  were less than 1%. 

C a l c u l a t e d  LA3C o v e r a l l  a e r o s o l  Leakage results a r e  i l l u s t r a t e d  i n  

F i g .  39 and Table  2 3 .  A s  f o r  TA3A and LA3B, a l l  codes c a l c u l a t e d  more 

a e r o s o l  t r a n s p o r t  from t h e  p i p e  than  w a s  measured i n  tes t  U 3 C .  For  CSOH 



t r a n s p o r t ,  TRAP-MELT2.2 (BCL) o v e r p r e d i c t e d  leakage  by a f a c t o r  of 2 .9 ,  

TW-MELT2 (JN) by a f a c t o r  of 4 . 6 ,  and a l l  o t h e r  c a l c u l a t i o n s  over-  

e s t i m a t e d  CsOH t r a n s p o r t  by f a c t o r s  ranging  from 4.0 t o  4 . 5 ,  For MnO 

t r a n s p o r t ,  t h e  TRAP-MELT2.2 (BCL) c a l c u l a t i o n  ove res t ima ted  leakage  by a 

f a c t o r  of 2.6$ t h e  TW-MELT2 (JN) c a l c u l a t i o n  by 4.1,  and a l l  o t h e r  

c a l c u l a t i o n s  ove rp red ic t ed  MnO t r a n s p o r t  by f a c t o r s  ranging  from 3.6 t o  

4.0. The agreement i n  leaked-mass c a l c u l a t i o n s  w a s  worse f o r  U 3 C  than  

f o r  LA3B, even though t h e s e  two tes t s  were performed under t h e  same flow 

c o n d i t i o n s ,  We b e l i e v e  t h e  l a r g e r  u n c e r t a i n t y  i n  LA3C leaked-mass 

r e s u l t s  is l a r g e l y  due t o  t h e  i n a b i l i t y  of t h e  codes t o  p r e d i c t  t h e  h igh  

amount of d e p o s i t i o n  t h a t  occur red  i n  p i p e  s e c t i o n  4 .  

C a l c u l a t e d  a e r o s o l  s i z e - d i s t r i b u t i o n  parameters  f o r  t e s t  LA3C a r e  

i l l u s t r a t e d  i n  F igs .  40 t o  4 3 .  !UP r e s u l t s  i n  t h e  f i g u r e s ,  except t h e  

ones from t h e  TUP-MEET:! ( I T )  c a l c u l a t i a n s ,  were based on c a l c u l a t i o n s  

performed wi th  mean aerosol -source  s i z e  parameters .  FOP LA3C, we r e c a l l  

from Tab le  17  t h a t  measured mean i n l e t -  and o u t l e t -  a e r o s o l  s i z e  

parameters  were: Win = 1.90 pm, AMMDOut = 0.64 pm, G S D i n  = 2.13, and 

GSDOut = 1.77. 
fo l lowing:  

Comments on t h e  a e r o s o l  s i z e  r e s u l t s  i n c l u d e  t h e  

I .  The major LA3C a e r o s o l - s i z e  comparison r e s u l t  i s  t h a t  none of 

t h e  codes was a b l e  t o  p r e d i c t  t h e  l a r g e  drop i n  o u t l e t  AMMD 

compared t o  she  measured i n l e t  APMD value.  The lowest  o u t l e t  

AMKa v a l u e  p r e d i c t e d  by t h e  codes was about. 1 .4  pm; t h i s  i s  
more than a f a c t o r  of 2 g r e a t e r  than  t h e  measured mean o u t l e t  

AMMD v a l u e  o f  0.64 pme We b e l i e v e ,  however, t h a t  t h i s  

d i f f e r e n c e  i n  c a l c u l a t e d  and measured o u t l e t  s i z e  was l a r g e l y  

due  t o  t h e  f a c t  t h a t  none of t h e  codes was capable  of 

c a l c u l a t i n g  t h e  LA3C a e r o s o l  d e p o s i t i o n  p a t t e r n  c o r r e c t l y ,  

p a r t i c u l a r l y  t h e  l a r g e  d e p o s i t i o n  i n  p i p e  s e c t i o n  4 .  

2 .  A s  f o r  t h e  LA3B c a l c u l a t i o n s ,  t h e r e  were s i g n i f i c a n t  

d i f f e r e n c e s  i n  t h e  AMMD p r o f i l e s  c a l c u l a t e d  by d i f f e r e n t  

v e r s i o n s  of t h e  TRAfl-MELr code and by t h e  o t h e r  codes (RAFT, 

AEROSIM-M, and W 4 ) .  These d i € € e r e n c e s  w e r s  l a r g e r  f o r  L d 3 C  

t h a n  f o r  LA3B. We b e l i e v e  t h a t  t h e s e  d i f f e r e n c e s  were a g a i ?  

due t o  the  f a c t  t h a t  t h e  TRAP-XELT code i n c o r r e c t l y  c a l c u l a t e s  

t h e  AMMD. 
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3. As f o r  t h e  LA3B c a l c u l a t i o n s ,  t h e r e  were d i f f e r e n c e s  i n  t h e  

RAFT, AEROSIM-M, and HAA4 AMMD r e s u l t s .  However, f o r  LA3C t h e  

RAFT and AEROSIM-M r e s u l t s  were similar t o  each  o t h e r  but  

d i f f e r e n t  from t h e  W 4  r e s u l t s .  Th i s  s u g g e s t s  t h a t  t h e  

observed  LA3C d i f f e r e n c e s  may be l a r g e l y  due t o  t h e  f a c t  t h a t  

t h e  HAA4 (RI) c a l c u l a t i o n  does n o t  i n c l u d e  a e r o s o l  

agglomera t ion  e f f e c t s .  

4 .  There were l a r g e  d i f f e r e n c e s  i n  t h e  p ipe -ou t l e t  GSD v a l u e s  

p r e d i c t e d  by t h e  v a r i o u s  codes.  These ranged from an upper 

value of 2.18 (by BEROSIM-M (UK)) t o  a bower value  of 1.78 (by 

TRAP-MELT2 (JN)). This  v a r i a t i o n  was p a r t i a l l y  t h e  r e s u l t  of 

t h e  f a c t  t h a t  t h e  GSD v a l u e s  p r e d i c t e d  by t h e  AEROSIX-M (UK) 

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

t h a n  the mean mixed aerosol -source  va lue  provided i n  t h e  

c a l c u l a t i o n s .  

We believe t h a t  t h e  AEROSIM-M (UK) GSD p r o f i l e  r e s u l t s  occur red  

because  of t h e  way a e r o s o l  sou rces  are i n p u t  t o  t h e  AEROSI:+M 

(UK) c a l c u l a t i o n .  AEROSIM-M uses  s o u r c e  GSD v a l u e s  f o r  each of 

t h e  a e r o s o l  s p e c i e s ,  r a t h e r  t han  f o r  t h e  mixed a e r o s o l ;  t h e s e  

mean va lues  f o r  LA3C c a l c u l a t i o n s  were (Table  1 7 )  1.95 f o r  t h e  

C s O H  a e r o s o l  and 2.30 f o r  t h e  H n O  a e r o s o l .  Combination of 

t h e s e  two s i z e  d i s t r i b u t i o n s ,  w e  b e l i e v e ,  produced a 

d i s t r i b u t i o n  w i t h  a mixed GSD s o u r c e  va lue  s l i g h t l y  g r e a t e r  

t h a n  2.3. 

5 .  The TRAP-MELT2 (JN) c a l c u l a t i o n  p r e d i c t e d  a l a r g e  drop i n  GSD - 
from 1.94 t o  1.70 - as t h e  a e r o s o l  was t r a n s p o r t e d  f r o n  p i p e  

s e c t i o n  4 t o  s e c t i o n s  5 t o  8,  and then  on ly  a s l i g h t  change i n  

GSD f o r  t h e  remainder of t r a n s p o r t  through t h e  p i p e .  This  

behav io r  w a s  not  p r e d i c t e d  by t h e  o t h e r  TRAP-MELT codes and 

cannot  p r e s e n t l y  be expla ined .  





10 1 

5. SUMMARY AND CONCLUSIONS 

A series o f  b l i n d  p o s t t e s t  c a l c u l a t i o n s  were performed t o  model t h e  

a e r o s o l  d e p o s i t i o n  and t r a n s p o r t  r e s u l t s  from t h e  LACE TA3 test series. 
The main tes t  parameters  f o r  t h e  LA3 exper iments  were t h e  gas  f low 

v e l o c i t y  through t h e  0.063-m-diarn, 28.8-m-long test p ipe ,  and t h e  

MnO/CsOH a e r o s o l  mass r a t l o  i n p u t  t o  t h e  t es t  p ipe ;  approximate va lues  of 

t h e s e  parameters  f o r  t h e  LA3 tests were:2 

Experiment v(m/s> MnQdCsOH mass r a t i o  

LA3A 77 5.0 

LA3 B 25 7 . 5  
L A 3 6  24 1 . 4  

S e c t i o n  3 o f  t h i s  r e p o r t  p re sen ted  t h e  expe r imen ta l  and c a l c u l a t e d  

r e s u l t s  from t h e  M A ,  U 3 B ,  and LA3C exper iments ,  and Sec t .  4 of t h i s  

r e p o r t  p re sen ted  a d i s c u s s i o n  of t h e  comparison r e s u l t s  f o r  t h e s e  tests.  

Befo re  summarizing t h e  o v e r a l l  code-comparison r e s u l t s ,  i t  i s  u s e f u l  

t o  summarize a number of t h e  major expe r imen ta l  results from t h e  LA3 test 

series : 

1. Aerosol d e p o s i t i o n  i n  t h e  LA3 test s e c t i o n  p ipe  bends was a 

major  mechanism f o r  d e p o s i t i o n  i n  t h e s e  exper iments .  Bend 

d e p o s i t i o n  accounted fo r  t h e  fo l lowing  f r a c t i o n s  of d e p o s i t i o n  

i n  t h e  exper iments  : 

LA3k:  44.7% of t h e  t o t a l  d e p o s i t i o n  

LA3B: 91.2% of t h e  t o t a l  d e p o s i t i o n  

LA3C: 41.1% of t h e  t o t a l  d e p o s i t i o n  

Two comments on t h e  above bend r e s u l t s  are of no te :  (1)  t h e  

f r a c t i o n o f  t o t a l  d e p o s i t i o n  i n  bends was s i m i l a r  f o r  tests 

LA3A and U 3 C ,  even though t h e s e  two exper iments  were performed 

w i t h  s i g n i f i c a n t l y  d i f f e r e n t  gas  f low v e l o c i t i e s ,  and ( 2 )  t h e  

f r a c t i o n  of t o t a l  a e r o s o l  d e p o s i t i o n  i n  bends f o r  t es t s  LX3B 

and LA3C a i f f e r e d  s i g n i f i c a n t l y ,  even though these  two tes ts  

were performed w i t h  similar gas  f low v e l o c i t i e s .  V a r i a t i o n s  iil 

a e r o s o l  sou rce  p a r t i c l e  s i z e s  probably account  f o r  some of 

t h e s e  observed d i f f e r e n c e s ,  but they are probably a l s o  
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a s s o c i a t e d  w i t h  d i f f e r e n c e s  i n  t h e  a e r o s o l  sou rce  MnO/CsOH mass 

r a t i o  and t h e  " s t i c k i n e s s "  of t h e  a e r o s o l  i n  each  tes t .  

Another impor tan t  comment relates t o  comparison of t h e s e  

r e s u l t s  w i t h  t h o s e  from tes t  LA1. Looking a t  t h e  bend 

d e p o s i t i o n  r e s u l t s  from t h a t  

t o t a l  a e r o s o l  d e p o s i t i o n  occur red  i n  t h e  6 p i p e  bends i n  t h e  

LA1 test s e c t i o n .  However, t h i s  r e s u l t  may have occurred  e i t h e r  

because  bend d e p o s i t i s o n  was not  impor tan t  i n  LA1, o r  because 

r e suspens ion  removed a s i g n i f i c a n t  f r a c t i o n  of a e r o s o l s  d e p o s i t e d  

i n  bends i n  LA1. 

w e  see t h a t  only 8% of t h e  

2 .  The d e p o s i t i o n  r e s u l t s  from test LA36 were unique i n  t h a t  a 

s i g n i f i c a n t  amount of a e r o s o l  d e p o s i t i o n  occur red  i n  t h e  f i r s t  

p i p e  s e c t i o n  ( s e c t i o n  4 ,  a v e r t i c a l  p ipe  s e c t i o n ) .  I n  LA3C, 

d e p o s i t i o n  i n  p i p e  s e c t i o n  4 accounted f o r  40.6X of t h e  t o t a l  

a e r o s o l  d e p o s i t i o n ;  t h i s  compares t o  16,2% d e p o s i t i o n  i n  

s e c t i o n  4 f o r  t e s t  LA3A and 1.4% i n  s e c t i o n  4 f o r  t e s t  L A 3 B .  

Unless t h i s  r e s u l t  w a s  due t o  o t h e r  f a c t o r s  i n  t h e  LA3C t es t  

t h a t  w e r e  d i f f e r e n t  from those  i n  LA3A and L A 3 B  ( f o r  example, 

t h e  nea r  plugging of p ipe  s e c t i o n  3 i n  L A 3 C ) ,  i t  s u g g e s t s  t h a t  

t h e  l o w  MnO/CsOH a e r o s o l  sou rce  r a t i o  i n  LA3C l e d  t o  enhanced 

s t i c k i n g  of t h e  depos i t ed  a e r o s o l  on t h e  s e c t i o n  4 s u r f a c e .  

3. The o v e r a l l  a e r o s o l  t r a n s p o r t  r e s u l t s  from t h e  L A 3  tes t  series 

can  be summarized as fo l lows:  

LA3A:  23.0% t o t a l  a e r o s o l  t r a n s p o r t  

LA3B: 49.3% t o t a l  a e r o s o l  t r a n s p o r t  

LA3C:  21.2% t o t a l  a e r o s o l  t r a n s p o r t  

The enhanced t r a n s p o r t  i n  J A 3 B  coinpared t o  LA3A would be 

expec ted ,  s i n c e  t u r b u l e n t - i n e r t i a l  d e p o s i t i o n  is less  e f f e c t i v e  

f o r  reduced gas  f low v e l o c i t i e s .  The decreased  t r a n s p o r t  f o r  

LA3C compared t o  LA3B probably r e s u l t e d  from t h e  s i g n i f i c a n t  

a e r o s o l  d e p o s i t i o n  i n  p i p e  s e c t i o n  4 f o r  t es t  L A 3 C .  

4 .  T e s t  r e s u l t s  provide  c o n f l i c t i n g  ev idence  a s  t o  whether t h e  

NnO-CsOH a e r o s o l  i n  t h e  L A 3  t e s t s  w a s  t o t a l l y  coagglomerated. 

The o v e r a l l  d e p o s i t i o n  and t r a n s p o r t  r e s u l t s  f o r  each tes t  seem 
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t o  sugges t  t h a t  t h e  MnO-CsOH a e r o s o l  was coagglomerated. 

However, test LA3B a e r o s o l  d e p o s i t  r a t i o  r e s u l t s  (F ig .  4 5 )  

showed reduced MnO d e p o s i t i o n  i n  s t r a i g h t  p ipe  s e c t i o n s ,  wh i l e  

LA3A and LA3C d e p o s i t  r a t i o  r e s u l t s  (F igs .  44 and 4 6 ,  r e s p e c t -  

i v e l y )  showed s i g n i f i c a n t  v a r i a t i o n s  i n  d e p o s i t  r a t i o s  i n  d i f -  

f e r e n t  p i p e  s e c t i o n s .  In fo rma t ion  i n  a r e c e n t l y  pub l i shed  ME 

W i n f r i t h  Report  ,21 based on a n a l y s e s  of a e r o s o l  samples 

c o l l e c t e d  from t h e  LA3 tests,  i n d i c a t e d  t h a t  a e r o s o l  d e p o s i t s  

from tes t  M A  and LA3B were " r e l a t i v e l y  homogeneous and . 
amorphous, " whi le  t h e r e  were g r e a t e r  inhomogenei t ies  i n  samples 

from LA3C. P u t t i n g  a l l  of t h i s  i n fo rma t ion  t o g e t h e r  does not  

l e a d  t o  any f i r m  conc lus ions  on t h e  degree  of a e r o s o l  coagglo- 

mera t ion  i n  the LA3 tests. 

5 .  Eva lua t ions  of measured p ipe  i n l e t -  and o u t l e t -  a e r o s o l  s i z e  

d i s t r i b u t i o n  parameters  produced soue i n t e r e s t i n g  resu l t s ,  most 

notably a measured i n c r e a s e  i n  MnO AMMD and mixed-aerosol GSD 

f o r  a e r o s o l  t r a n s p o r t  through t h e  p i p e  i n  t es t  LA3A. We would 

n o t  expec t  t h e  a e r o s o l  t r a n s p o r t  codes,  w i th  t h e  p r e s e n t  models 

i n  them, t o  p r e d i c t  t h e s e  r e s u l t s .  

6 .  A number of t h e  r e s u l t s  from t h e  LA3 test  series sugges t  t h a t  

a e r o s o l  r e suspens ion  o r  r e l o c a t i o n  w a s  an  impor tan t  f a c t o r  i n  

t h e  experiments .  These inc lude :  (1) t h e  v a r i e d  HnO/CsOH d e p o s i t  

r a t i o  r e s u l t s  i n  LA3B and LA3C, (2) t h e  neasured  aerosol.  s i z e  

r e s u l t s  d i scussed  above, ( 3 )  as d i s c u s s e d  i n  Sect. 4 . 2 ,  t h e  low 

amounts of a e r o s o l  d e p o s i t i o n  i n  s t r a i g h t  p ipe  s e c t i o n s  i3 t e s t  

LA3B, and ( 4 )  t h e  l a r g e  d i f f e r e n c e  i n  a e r o s o l  d e p o s i t i o n  i n  p i p e  

s e c t i o n  4 f o r  tests LA3B and L A X ,  which may have been due t o  

t h e  " s t i c k i e r "  n a t u r e  of t h e  LA3C a e r o s o l .  

E i g h t  c a l c u l a t i o n s  were performed f o r  each of t h e  LA3 t es t s .  Three 

o f  t h e s e  c a l c u l a t i o n s  used v e r s i o n s  of t h e  TRAP-HELr2 code,  one used  t h e  

XCT-2 code (which u s e s  TRAP-MELT2 as a module), and t h e  o t h e r  c a l c u l a t i o n s  

were performed wi th  t h e  TRAP-NELr2.2, AEKOSIN-X, HAA4, and RAFT codes.  

I n  t h e s e  codes,  s i x  d i f f e r e n t  models f o r  t u r b u l e n t - i n e r t i a l  d e p o s i t i o n  

were used. Four of t h e  codes - AEROSIX-1.1, HAA4, RAFT, and T'UP-NELr2.2 - 
i n c l u d e d  models f o r  a e r o s o l  d e p o s i t i o n  i n  p i p e  bends. The t M 4  code was 



t h e  only  log-normal code used i n  t h e  s tudy ;  t h e  o t h e r  codes used were 

d i s c r e t e  s i z e - d i s t r i b u t i o n  codes.  

An impor tan t  conclus ion  from the  LA3 comparisons i s  t h a t ,  t o  

adequa te ly  p r e d i c t  t h e  d e p o s i t i o n  p a t t e r n s  t h a t  were observed i n  t h e  

tes ts ,  modeling of a e r o s o l  d e p o s i t i o n  in p i p e  bends w a s  r e q u i r e d .  

t h a t  d i d  not  i n c l u d e  a bend model always unde rp red ic t ed  t h e  measured 

a e r o s o l  d e p o s i t i o n .  

cases - c a l c u l a t i o n s  performed wi th  t h e  TRAP-MELT2.2 (BCL) code f o r  t es t s  

LA3A and LA3B, and c a l c u l a t i o n s  performed w i t h  AEROSIX-M ( U K )  f o r  tes t  

LA3A - d i d  t h e  r e s u l t s  of c a l c u l a t i o n s  come c l o s e  t o  matching t h e  

e x p e r i m e n t a l l y  measured d e p o s i t i o n  p a t t e r n s .  

Codes 

Even when bend models were inc luded ,  i n  only  two 

The r e s u l t s  from t h e  LA3 code comparisons i n d i c a t e  t h a t  t h e  bend 

model used i n  t h e  TW-MELT2.2  (BCL) c a l c u l a t i o n s  came t h e  c l o s e s t  t o  

matching t h e  measured bend d e p o s i t i o n  r e s u l t s .  The o v e r a l l  comparison 

r e s u l t s  w i th  t h e  TRAP-MELT2.2 bend model were q u i t e  encouraging.  This  

model: (1) unde rp red ic t ed  bend d e p o s i t i o n  i n  t h e  f i r s t  two bends and 

o v e r p r e d i c t e d  bend d e p o s i t i o n  i n  t h e  l a s t  f o u r  bends €o r  LA3A, ( 2 )  d i d  

a good j o b  of p r e d i c t i n g  t h e  LA3B bend d e p o s i t i o n ,  and ( 3 )  underp red ic t ed  

bend d e p o s i t i o n  i n  t h e  f i r s t  bend and o v e r p r e d i c t e d  bend d e p o s i t i o n  

(sometimes s i g n i f i c a n t l y )  i n  t h e  remaining bends i n  t e s t  LA3C (however,  w e  

b e l i e v e  t h a t  t h i s  occur red  because t h e  code s i g n i f i c a n t l y  underes t imated  

a e r o s o l  d e p o s i t i o n  i n  p ipe  s e c t i o n  4 i n  LA3C). ,411 of t h e  o t h e r  bend 

models,  f o r  t h e  most p a r t ,  s i g n i f i c a n t l y  unde rp red ic t ed  t h e  measured bend 

d e p o s i t i o n  i n  t h e  LA3 tests. 

d i d  a b e t t e r  j o b  of p r e d i c t i n g  t h e  LA3A r e s u l t s ,  but  t h e  RAFT ( F N )  and 

HAA4 (RI) models more s a t i s f a c t o r i l y  p r e d i c t e d  t h e  LA3B and LA3C r e s u l t s .  

For  t h e s e  t h r e e  models, t h e  ,4EROSIX->I (UK) 

Because of t h e  competing e f f e c t s  t h a t  were impor tan t  i n  t h e  LA3 

t es t s  - t u r b u l e n t - i n e r t i a l  d e p o s i t i o n ,  d e p o s i t i o n  i n  bends,  and perhaps 

a e r o s o l  resuspens ion  from s u r f a c e s  being t h e  dominant ones - i t  i s  

d i f f i c u l t  t o  u se  t h e  t e s t  r e s u l t s  t o  make any d e f i n i t i v e  s t a t e m e n t s  

r e l a t e d  t o  t h e  v a l i d a t i o n  o f  t h e  t u r b u l e n t - i n e r t i a l  d e p o s i t i o n  models  

used i n  t h e  codes.  The only  summary statements t h a t  we can p r e s e n t l y  

make i n  r ega rds  t o  t h e  t u r b u l e n t - i n e r t i a l  d e p o s i t i o n  models are (1) as 

w a s  d i scussed  i n  S e c t .  4 . 1 ,  i f  w e  i gnore  t h e  c o n t r i b u t i o n  of bend 
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d e p o s i t i o n  t o  t o t a l  d e p o s i t i o n  i n  LMA, w e  no te  t h a t  most of t h e  

t u r b u l e n t  d e p o s i t i o n  models seemed t o  do a reasonable  j o b  of c a l c u l a t i n g  

the LA3A d e p o s i t i o n  p a t t e r n ,  and (2) none of t h e  t u r b u l e n t  d e p o s i t i o n  

models adequate ly  c a l c u l a t e d  a e r o s o l  d e p o s i t i o n  i n  p i p e  s e c t i o n  4 i n  tes t  

LA3C. 

For t h e  LA3 c a l c u l a t i o n s ,  two sets of TRAP-MELT2 (UK) c a l c u l a t i o n s  

were performed f o r  each test: one wi th  time-dependent a e r o s o l  sou rce  

parameters  and one wi th  time-independent parameters. A n  i n t e r e s t i n g  

r e s u l t  from t h i s  s tudy  i s  t h a t  t h e s e  r e s u l t s ,  i n  terms of c a l c u l a t e d  

t o t a l  a e r o s o l  d e p o s i t i o n ,  were e s s e n t i a l l y  t h e  same: v a r i a t i o n s  i n  t h e  

two c a l c u l a t i o n s  were never  g r e a t e r  than  4 % .  This  sugges t s  (bu t  w e  do 

n o t  n e c e s s a r i l y  b e l i e v e  i n  a11 c a s e s )  t h a t  t h e r e  is no advantage t o  us ing  

t h e  t i m e -  dependent sou rce  parameters  t o  model t h e  LA3 tests. 

One measure by which t h e  o v e r a l l  a b i l i t y  of t h e  codes t o  c a l c u l a t e  

d e p o s i t i o n  and t r a n s p o r t  f o r  t h e  LA3 tests can be c h a r a c t e r i z e d  i s  t h e  

r a t i o  of measured-to-calculated t o t a l  a e r o s o l  d e p o s i t i o n  and ca l cu la t ed - to -  

measured t o t a l  a e r o s o l  t r a n s p o r t  f o r  each of t h e  codes app l i ed  t o  t h e  

LA3 tests. The ranges  of t h e s e  c a l c u l a t e d  r a t i o s  were presented  i n  Sect. 

4 ,  and are summarized a g a i n  i n  Tables  25 and 26 f o r  t h e  CsOH and FlnO 

a e r o s o l  spec ie s .  

a l l  codes unde rp red ic t ed  t o t a l  a e r o s o l  d e p o s i t i o n  and ove rp red ic t ed  

t o t a l  a e r o s o l  t r a n s p o r t  i n  t h e  LA3 t e s t  series. The codes p r e d i c t i o n s  of 

o v e r a l l  d e p o s i t i o n  i n  LA3A and LA3B were s imilar ,  wh i l e  code p r e d i c t i o n s  

of LA3C were i n  e r r o r  by t h e  l a r g e s t  amount (up t o  a f a c t o r  of 8 ) .  In 

t e r m s  of a e r o s o l  leakage ,  p r e d i c t i o n s  of o v e r a l l  r e s u l t s  f o r  LA3A and 

LA3C were s imilar  (because t h e s e  tests had similar amounts of f r a c t i o n a l  

l e a k e d  mass), and t h e  p r e d i c t i o n s  of leaked mass f o r  LA3B were the  most 

s a t i s f a c t o r y  ( s i n c e  LA3B had t h e  most leaked  mass, and a l l  codes over- 

p r e d i c t e d  leaked  mass). Overa l l ,  t h e  LA3 test series leaked-mass r e s u l t s  

i l l u s t r a t e  t h a t  a l l  codes were a b l e  t o  c a l c u l a t e  t o t a l  leaked mass from 

t h e  t e s t s  w i t h i n  a f a c t o r  of 4 . 6 .  

With only  one excep t ion  (MnO d e p o s i t i o n  i n  t e s t  L A 3 B ) ,  

However, had t h e  codes inc luded  models f o r  resuspens ion  they might 

a c t u a l l y  have done a worse j o b  of c a l c u l a t i n g  the  d e p o s i t i o n  and t r a n s -  

p o r t  r e s u l t s  f rom t h e  LA3 tests.  That is  because (1) none of the codes 
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Table  25.' Summary of o v e r a l l  a e r o s o l  d e p o s i t i o n  r e s u l t s  
f o r  t h e  LA3 t e s t  series 

Aerosol  
m a t  e L i a1 

~ ~- 

T o t a l  a e r o s o l  d e p o s i t i o n  t e s t / c o d e  va lues :a  

Law High Remaining rangeb 

Test LA3A: 

CSQH 

MnO 

1.15 3.8 1.3 t o  2.0 

1.12 3.4 1.5 t o  1.8 

T e s t  TA3B: 

C SOH 1 .Q1 3 . 2  1.7 t o  3 .2  

MnO 0.95 3.0 1.5 t o  2 .9  

CSOH 

T e s t  LA36 : 

1.7 8.4 3.6 t o  5.7 

MnO 1.6 7.6 3,3 t o  5 . 5  

a"Test /code" d e f i n e d  as t h e  r a t i o  of t h e  measured t o t a l  a e r o s o l  
d e p o s i t i o n  f o r  a t e s t  d iv ided  by t h e  t o t a l  a e r o s o l  d e p o s i t i o n  c a l c u l a t e d  
by a code. 

b"Remaining range" is  t h e  range of t e s t l c o d e  va lues  f o r  codes o t h e r  
t h a n  those  t h a t  c a l c u l a t e d  t h e  low and h igh  va lues .  



10 7 

Table  26. Summary of o v e r a l l  a e r o s o l  t r a n s p o r t  r e s u l t s  
for t h e  LA3 test  series 

T o t a l  a e r o s o l  t r a n s p o r t  c o d e / t e s t  va lues : a  
Ae r os o 1 
mat e r f a 1 Low High Remaining rangeb 

C s Q H  

MnO 

CSOB 

MnO 

C SOB 

MnQ 

Test LA3A: 

2 . 3  t o  3.0 1.9 4 . 4  

1.7 3.3 2.1 t o  2.4 

T e s t  LA3B: 

1.2 2 .r) 1 . 7  t a  1.9 

1.07 1.7 1.5 t o  1.7 

Test LA3C : 

2.9 4.6 4.0 t o  4.5 

2.6 4.1 3.6 t o  4.0 

a"Csde / t e s t "  d e f i n e d  as the  r a t i o  of the  t o t a l  a e r o s o l  t r a n s p o r t  
from t h e  p i p e  c a l c u l a t e d  by a code d i v i d e d  by t h e  measured t o t a l  a e r o s o l  
t r a n s p o r t  from t h e  p i p e  f o r  t h a t  t e s t .  

a"Remaining range" i s  t h e  range of c o d e / t e s t  va lues  f o r  codes o t h e r  
t h a n  those  t h a t  c a l c u l a t e d  t h e  low and high  values. 
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overp red ic t ed  LA3 d e p o s i t i o n ,  ( 2 )  i f  r e suspens ion  was modeled and t h e  

resuspended p a r t i c l e  s i z e s  were less than  those  o r i g i n a l l y  d e p o s i t e d ,  

t h e n  codes wi th  resuspens ion  models would p r e d i c t  even less d e p o s i t i o n  

t h a n  when r e suspens ion  w a s  no t  accounted f a r .  Th i s  a t  least  sugges t s  

that  the p o s s i b i l i t y  that  t h e  turbulen t .  d e p o s i t i o n  models are not as 

v a l i d  ( w i t h i n  a f a c t o r  of 2 ? )  as w e  might b e l i e v e  them t o  be. 

We b e l i e v e  t h a t  on ly  q u a l i t a t i v e  comparisons of t h e  measured and 

c a l c u l a t e d  a e r o s o l  s i z e  parameters  from t h e  LA3 tests can be made, f o r  

t w o  reasons :  (1) most codes used only  mean va lues  o f  a e r o s o l  sou rce  

parameters  i n  t h e i r  c a l c u l a t i o n s ,  ( 2 )  t h e  a e r o s o l  d e p o s i t i o n  p a t t e r n s  i n  

t h e  exper iments ,  i n  p a r t i c u l a r  t h e  bend d e p o s i t i o n ,  had a major 

i n f l u e n c e  on t h e  c a l c u l a t e d  a e r o s o l  s ize  d i s t r i b u t i o n s .  The more 

impor t an t  obse rva t ions  r e l a t e d  t o  t h e  AMMD and GSD comparisons f o r  t h e  

LA3 t e s t s  i n c l u d e  t h e  fo l lowing:  

1. I n  a l l  c a l c u l a t i o n s  but  one,  t h e  codes p r e d i c t e d  t h a t  t h e  

a i r b o r n e  mixed-aerosol AMMIS and GSD decreased  as t h e  a e r o s o l  

was t r a n s p o r t e d  through t h e  test. p ipe ;  t h a t  i s  the r e s u l t  w e  

would expec t  from t h e  c a l c u l a t i o n s .  However, i n  tes t  LA3A t h e  

measured mean p ipe -ou t l e t  GSD w a s  g r e a t e r  t han  t h a t  determined 

a t  t h e  p i p e  i n l e t .  This  r e s u l t  sugges ts  t h a t  a mechanism not  

i nc luded  i n  t h e  codes (perhaps  r e suspens ion )  l e d  t o  t h e  

observed  change i n  s i z e  d i s t r i b u t i o n .  

2 .  For each of t h e  tests,  t h e r e  were observed d i f f e r e n c e s  i n  t h e  

AMHD p r o f i l e s  c a l c u l a t e d  by t h e  codes.  We b e l i e v e  t h a t  t h e s e  

can  l a r g e l y  be a t t r i b u t e d  t o  t h e  fo l lowing  causes :  (1) 

d i f f e r e n c e s  i n  t h e  amounts of d e p o s i t i o n  c a l c u l a t e d  by t h e  

codes,  ( 2 )  e r r o r s  i n  t h e  coding used t o  c a l c u l a t e  t h e  A%lD i n  

t h e  TRAP-MELT code. l 4  

3 .  For LA3A and LA3B, m o s t  codes d i d  a reasonable  j o b  of 

p r e d i c t i n g  the  measured mean va lues  of and GSD a t  t h e  p i p e  

o u t l e t .  However, f o r  t e s t  M3C, a l l  codes ove res t ima ted  t h e  

o u t l e t  AMMD by more than  a f a c t o r  of 2 .  V e  b e l i e v e  t h i s  was 

due t o  t h e  u n c e r t a i n t i e s  i n  p r e d i c t i n g  the  LA3C a e r o s o l  

d e p o s i t i o n .  
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Our major o v e r a l l  conc lus ions  from t h e  LA3 p o s t t e s t  b l i n d  code- 

comparison s tudy  are: 

1. Accident  a n a l y s i s  codes should  i n c l u d e  models f o r  a e r o s o l  

d e p o s i t i o n  i n  bends. Although t h e  codes used i n  t h i s  s tudy  

t h a t  d i d  no t  i n c l u d e  bend models sometimes c a l c u l a t e d  t h e  

observed  a e r o s o l  d e p o s i t i o n  w i t h i n  f a c t o r s  of 2 t o  3 ,  i n c l u d i n g  

v a l i d  bend d e p o s i t i o n  models w i l l  g r e a t l y  enhance the p r e d i c t i v e  

c a p a b i l i t i e s  of t h e  codes.  

2. The LA3 t es t  series i l l u s t r a t e s  t h a t  t h e  n a t u r e  ( o r  perhaps 

" s t i c k i n e s s " )  of t h e  a i r b o r n e  a e r o s o l  i n f l u e n c e s  t h e  behavior  

of t h e  a e r o s o l  t r a n s p o r t  through t h e  p ipe .  None of t h e  a e r o s o l  

t r a n s p o r t  codes inc lude  models f o r  t h i s  phenomena. 
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1. INTRODUCTION 

The TRAP-MEL'K! computer codel w a s  des igned  t o  model t h e  t r a n s p o r t  o f  

a e r o s o l s  and f i s s i o n  products  through t h e  primary c i r c u i t  of a LMR under 

severe a c c i d e n t  cond i t ions .  

TW-FEETZ and VICTORIA3 it was found t h a t  TW-MELT2 c o n s i s t e n t l y  

unde rp red ic t ed  t h e  va lue  of t h e  a e r o s o l  mass median d iameter .  

In a r e c e n t  code comparison2 between 

T h i s  n o t e  o u t l i n e s  t h e  reason  f o r  t h e  u n d e r p r e d i c t i o n  and a l s o  t h e  

c o r r e c t i o n  which has  been made t o  improve t h e  accuracy  of t h e  c a l c u l a t e d  

v a l u e  of t h e  mass median d iameter .  

2 .  TREATMENT OF AEROSOLS I N  TRAP-MELT2 

The d i s c r e t i a t i o n  of t h e  a e r o s o l  par t ic le  s i z e  d i s t r i b u t i o n  i n  TRAP-XELT 

i s  taken  from t h e  QUICK a e r o s o l  code.4 The a e r o s o l  s i z e  d i s t r i b u t i o n  i s  

d i s e r e t i s e d  i n t o  a number of classes, and t h e  volume p e r  p a r t i c l e  (and 

t h u s ,  t h e  r a d i u s )  of t h e s e  classes is f i x e d  throughout  a c a l c u l a t i o n .  

Any p a r t i c l e s  f a l l i n g  between t h e s e  d i s c r e t e  va lues  of r a d i i ,  known as 

t h e  r e p r e s e n t a t i v e  p a r t i c l e  class r a d i i ,  are d i s t r i b u t e d  between t h e  

a d j a c e n t  i n  such a way as t o  p re se rve  p a r t i c l e  MSS and number, where 

p o s s i b l e .  C a l c u l a t i o n  of t h e  mass median d iameter  of t h e  d i s c r e t i s e d  

s i z e  d i s t r i b u t i o n  may only  be achieved  by i n t e r p o l a t i o n  between t h e  s i z e  
. classes. 

3. THE EXISTING SCHEME 

A t  p r e s e n t ,  TRAP-MELT2 c a l c u l a t e s  t h e  mass a e d i a n  d iameter  of a s i z e  

d i s t r i b u t i o n  as fo l lows .  The a e r o s o l  mass i n  t h e  p a r t i c l e  classes a r e  

summed, s t a r t i n g  w i t h  t h e  class con ta in ing  t h e  smallest p a r t i c l e s ,  and 

t h e  f i r s t  p a r t i c l e  class which r e s u l t s  i n  a cumulat ive mass g r e a t e r  t han  

h a l f  t h e  t o t a l  a e r o s o l  mass i s  determined.  Def in ing  t h e  r e p r e s e n t a t i v e  

' v o l u m e  p e r  p a r t i c l e  of t h i s  class t o  be :<(I), t h e  cumulat ive a e r o s o l  inass 

up t o ,  and i n c l u d i n g  t h i s  class t o  be C M ( I ) ,  and M50 t o  be e q u a l  t o  ha l f  

t h e  t o t a l  a e r o s o l  mass, then  t h e  mass median d iameter  (MMD) i s  g iven  by:  
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wke re 

TRAP-MELT3 c a l c u l a t e s  mass median d i ame te r  i n  a similar way. Rather  than 

i n t e r p o p l a t i n g  between t h e  r e p r e s e n t a t i v e  volume p e r  p a r t i c l e  of t h e  

classes t h e s e  va lues  are conver ted  t o  r a d i i .  The i n t e r p o l a t i o n  i s  then  

performed between these r e p r e s e n t a t i v e  class r a d i i .  'fhus, i f  - 
1 /3 

t h e n ,  

MMD = 2 . m  

where 

The most impor tan t  p o i n t  t o  n o t e  from t h e s e  e q u a t i o n s  i s  t h a t  t h e  i n t e r -  

p o l a t i o n  i s  c a r r i e d  o u t  between t h e  r e p r e s e n t a t i v e  va lues  of volume per 

p a r t i c l e  of t h e  classes o r  t h e  r e p r e s e n t a t i v e  r a d i i  of t h e  p a r t i c l e s  

classes. 

4 ,  THE NEED FOR REVISION 

The inadequacy of t h e  TRAP-MELT2 method f o r  c a l c u l a t i n g  t h e  mass median 

d i ame te r  of a p a r t i c l e  s i z e  d i s t r i b u t i o n  i s  c l e a r l y  demonstrated i n  

F i g u r e  A . 1 ,  where t h e  approximate va lue  of t h e  mass median d iameter  is  

marked as p o i n t  A. 

e x i s t i n g  TTZAP-MELr2 c a l c u l a t i o n ,  p o i n t  B. S ince  t h e  c u r r e n t  T W - : E L I 1  

schemes i n t e r p o l a t e  between e i t h e r  X ( J - 1 )  and X ( J )  o r  R ( J - 1 )  and R ( J )  i t  

i s  not  p o s s i b l e  f o  o b t a i n  t h e  c o r r e c t  value.  

Th i s  should  be compared t o  t h e  va lue  g iven  by the 
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1.4 

EXAMPLE DiSPRlBUTlON 

1.2 

1.0 

0.8 

0.6 

0.4  

0 . 2  

8.8 

1 0-21 1 d 2 0  10-l~ lOl8 

VOLUME PER PARTiCLE (m3) 

Fig. A. 1. Mass distribution. 



5. 

The 

t h e  

THE KEVISED SCHEME 

r e v i s e d  method makes use of t h e  va lues  c a l c u l a t e d  i n  TRAP-MELT f o r  

maximum r a d i u s  of each i n d i v i d u a l  p a r t i c l e  class. These va lues  are 

i n d i c a t e d  by t h e  wid th  of t h e  h is togram blocks  i n  F igu re  A . l ,  and t h e  

r e p r e s e n t a t i v e  particle class r a d i i  are t h e  geometr ic  mean of t h e s e  va lues  .) 

The r e v i s e d  c a l c u l a t i o n  of mass rnedian d iameter  assumes t h a t  t h e  cumu- 

l a t i v e  mass is  t h e  mass below t h e  maximum volume p e r  par t ic le  of t h e  

class, &%(I), and not  below t h e  r e p r e s e n t a t i v e  volume p e r  p a r t i c l e  of 

t h e  class X(1). The i n t e r p o l a t i o n  is t h e r e f o r e  c a r r i e d  ou t  between 

t h e  maxima of a d j a c e n t  par t ic le  classes. The mass median d iameter  

if c a l c u l a t e d  by 

1 / 3  
FlMD = 2 [ & x M M ]  

whe re 

I n  Fig. A . l  t h i s  means t h e  i n t e r p o l a t i o n  is performed between XA(J-1) and 

XA(J), producing a v a l u e  f o r  mass median d i ame te r  a t  p o i n t  A, t h e  approxi -  

mate va lue  expec ted  by obse rva t ion .  

T h i s  c o r r e c t i o n  can a l s o  be implemented a f t e r  a c a l c u l a t i o n  has been per- 

formed. The r e p r e s e n t a t i v e  par t ic le  c l a s s  r a d i i  are t h e  geometr ic  mean 

of t h e  a d j a c e n t  maximum par t ic le  class r a d i i  and remain f i x e d  throughout a 

c a l c u l a t i o n .  The re fo re ,  m u l t i p l y i n g  t h e  va lue  of mass median d i ame te r ,  

c a l c u l a t e d  by t h e  e x i s t i n g  method, by the  f a c t o r  shown below s i m u l a t e s  t h e  

i n t e r p o l a t i o n  between maximurn class r a d i i  r a t h e r  than between t h e  repre- 

s e n t a t i v e  class r a d i i .  Th i s  f a c t o r ,  K ,  i s  the  s i x t h  roo t  of the  f r a c -  

t i o n a l  change i n  maximum o r  r e p r e s e n t a t i v e  volune p e r  p a r t i c l e  of the  

classes. That i s  
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6 .  CONCLUSIONS 

The c a l c u l a t i o n  of mass median d iameter  i n  TW-MELT2 has been modif ied.  

The same i .n te rpola tFoe  method i s  used,  bu t  i t  is performed between t h e  

maximum volume p e r  p a r t i c l e  of t h e  classes r a t h e r  t han  the r e p r e s e n t a t i v e  

volume p e r  p a r t i c l e  of t h e  classes. This  arises f rom t h e  assumption t h a t  

t h e  particles i n  a g iven  class are spread  over  t h e  whole width of the 

class and not  concen t r a t ed  s o l e l y  a t  t h e  r e p r e s e n t a t i v e  par t ic le  c l a s s  

r a d i u s .  The same va lue  can be obta ined  a f t e r  a c a l c u l a t i o n  has  been pe r -  

formed us ing  t h e  e x i s t i n g  method by mul t ip ly ing  t h e  c a l c u l a t e d  mass median 

d i ame te r  by a f a c t o r  K ,  shown above. 
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