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EXECUTIVE SUMMARY 

The on go ing  r e v o l u t i o n  i n  t h e  number and t ypes  o f  m a t e r i a l s  f o r  use 
i n  low-s lope r o o f  c o n s t r u c t i o n  has c r e a t e d  a need f o r  a f a c i l i t y  such as 
t h e  Large Scale C l ima te  S imu la to r  (LSCS), where dynamic t e s t i n g  o f  whole 
r o o f  systems can be accomplished. 
i n t r o d u c e d  t o  t h e  marke tp lace  i n  t h e  p a s t  few years ,  and t h e r e  i s  a 
s e r i o u s  need t o  eva lua te  t h e  thermal ,  h y g r i c ,  and mechanical performance 
o f  t y p i c a l  whole r o o f  systems (e.g., t h e  deck, i n s u l a t i o n ,  f as tene rs ,  
membrane and b a l l a s t  i n  combinat ion)  and n o t  j u s t  t h e  i n d i v i d u a l  p roduc ts  
themselves under dynamic c o n d i t i o n s .  

Hundreds o f  r o o f i n g  p roduc ts  have been 

The LSCS p r o v i d e s  such c a p a b i l i t y .  
Eva lua t i ons  o f  U.S. r o o f i n g  problems began a t  ORNL i n  t h e  e a r l y  

1980s. 
f a c i l i t y  i n  1984 where smal l  (4 f t  x 8 ft) r o o f  s e c t i o n s  were t e s t e d  dyna- 
m i c a l l y  a g a i n s t  Tennessee weather c o n d i t i o n s  w h i l e  t y p i c a l  i n d o o r  con- 
d i t i o n s  were ma in ta ined  below t h e  r o o f  t e s t s .  Exper ience w i t h  t h e  ou tdoor  
f a c i l i t y  demonstrated t h e  need f o r  a more complex system, where wide 
ranges o f  weather c o n d i t i o n s  c o u l d  be c r e a t e d  as needed f o r  e i t h e r  steady- 
s t a t e  o r  dynamic t e s t s .  

ORNL d u r i n g  a 2.5-year p e r i o d  i n  wh ich  c r i t e r i a  were assembled, s p e c i f i c a -  
t i o n s  were prepared, a new b u i l d i n g  t o  house t h e  chamber was b u i l t ,  and 
c o n s t r u c t i o n  and acceptance t e s t s  o f  t h e  LSCS were completed. 
d e s i g d b u i l d  c o n t r a c t o r s  f o r  b o t h  t h e  new b u i l d i n g  and t h e  LSCS was suc- 
c e s s f u l ;  b o t h  c o n s t r u c t i o n  p r o j e c t s  were w i t h i n  budget  and on schedule. 
Another  s i g n i f i c a n t  f a c t o r  i n  success fu l  comple t ion  of  t h e  p r o j e c t  was t h e  
use o f  a nine-member i n d u s t r i a l  a d v i s o r y  board th roughou t  t h e  e n t i r e  p ro-  
j e c t ,  The Roof I n d u s t r y  Research Adv iso ry  Panel c o n s i s t e d  o f  l eaders  f rom 
a l l  f a c e t s  o f  t h e  r o o f i n g  i n d u s t r y  and t h e i r  adv i ce  was i n v a l u a b l e .  The 
a d v i s o r y  panel  w i l l  c o n t i n u e  t o  f u n c t i o n  i n  t h e  f u t u r e  i n  s e t t i n g  e x p e r i -  
menta l  p r i o r i t i e s  and goa ls .  

3.9 m x 3.9 m (12 f t  9 i n .  by 12 ft 9 i n . )  over  a range o f  membrane 
temperatures f rom -40 t o  93OC (-40 t o  2 O O O F ) .  

and h u m i d i t y  a r e  ma in ta ined  below t h e  roo f .  
s i m u l a t e  d i u r n a l  s o l a r  c y c l i n g  and r a i n  making can be p rov ided .  

T h i s  l e d  t o  t h e  c o n s t r u c t i o n  and o p e r a t i o n  o f  an ou tdoor  t e s t  

T h i s  r e p o r t  covers  t h e  LSCS des ign  and c o n s t r u c t i o n  a c t i v i t i e s  a t  

The use o f  

The LSCS has been b u i l t  t o  t e s t  square r o o f  t e s t  s e c t i o n s  up t o  

T y p i c a l  i n d o o r  temperatures 
Programmable i n f r a r e d  lamps 

The LSCS 

xi 



can be opera ted  as an env i ronmenta l  chamber o r  as a guarded hot-box t e s t  

f a c i l i t y .  
o f  t h e  LSCS. Design requi rements,  s a f e t y  requi rements,  system l i m i t a t i o n s ,  
and b r i e f  o p e r a t i n g  procedures a r e  inc luded.  The r e p o r t  a l s o  desc r ibes  
t h e  v a r i o u s  subsystems and suppor t  f a c i l i t i e s  such as t h e  HVAC systems, 
d a t a  a c q u i s i t i o n  systems, d i a g n o s t i c  p l a t f o r m s ,  r a i n  systems, i n f r a r e d  
lamp system, and humid i t y  c o n t r o l  systems. Performance d a t a  f rom t h e  
acceptance t e s t s  a r e  p rov ided  t o  demonstrate t h e  a c t u a l  c a p a b i l i t y  o f  t h e  
completed chamber. 

Th is  r e p o r t  desc r ibes  t h e  c a p a b i l i t i e s  and o p e r a t i n g  parameters 

The LSCS was p r i m a r i l y  des igned f o r  t h e  t e s t i n g  o f  low-s lope r o o f s  
b u t  can be used f o r  o t h e r  c o n f i g u r a t i o n s .  
a t t i c  t e s t  ( 5  i n  12 s loped r o o f  w i t h  sh ing les )  i s  now under c o n s t r u c t i o n  
t o  eva lua te  a t t i c  heat  l o s s  e f f e c t s  and hea t  r e t a r d i n g  b a r r i e r s  w i t h i n  t h e  
a t t i c .  
s ioned as an ag ing  o r  long- term t e s t  f a c i l i t y .  
suppor t  frames c a l l e d  d i a g n o s t i c  p l a t f o r m s  a r e  a v a i l a b l e  t o  a l l o w  assembly 
o f  each r o o f  t e s t  s e c t i o n  e x t e r i o r  t o  t h e  chamber. Also ,  s p e c i a l  i n s t r u -  
ments qu ick-connects  a r e  used t o  a l l o w  complete Ins t rumen t  c a l i b r a t i o n s  
and check-out on t h e  computer ized d a t a  a c q u i s i t i o n  system p r i o r  t o  
i n s t a l l a t i o n  w i t h i n  t h e  chamber. rhese f e a t u r e s  a l l o w  r e l a t i v e l y  r a p i d  
change-out o f  exper iments and maximum exper imenta l  th roughput  i n  t h e  LSCS. 

For  example, a r e s i d e n t i a l  

The chamber i s  des igned f a r  shor t - te rm t e s t i n g  and i s  n o t  env i -  
Spec ia l  reusab le  t e s t  

The ORNL Roof Research Center  has been designed and b u i l t  t o  respond 
t o  i n d u s t r y  problems f o r  whole r o o f  systems t e s t i n g  and, u l t i m a t e l y ,  t o  
deve lop  t h e  c a p a b i l i t y  t o  p r e d i c t  whole r o o f  performance w i t h  t h e  a i d  o f  
mathematical modeling. The LSCS i s  t h e  cen te rp iece  o f  t h e  Roof Research 
Center and i t  p rov ides  a un ique c a p a b i l i t y  f o r  t e s t i n g  whole r o o f  systems. 
The Roof Research Center  i s  des ignated  a Nat iona l  User F a c i l i t y ;  as such, 

i t  i s  a v a i l a b l e  t o  i n d u s t r y ,  academia, and governmental agencies f o r  t h e i r  
t e s t  programs. A b r i e f  Users Manual i s  a v a i l a b l e  upon reques t  f rom ORNL 
f o r  anyone i n t e r e s t e d  i n  use o f  t h e  Center .  Telephone Sher ry  Samples a t  

( 6 1 5 )  574-4345 i f  you w ish  t o  r e c e i v e  a copy o f  t h e  Users Manual. 
The LSCS has been completed and i s  now ready f o r  use by  t h e  r o o f i n g  

i n d u s t r y  t o  a i d  i n  t h e  development o f  e n e r g y - e f f i c i e n t ,  p r a c t i c a l  whole 
r o o f  systems. 
p resen t  and f u t u r e  opera to rs  and researchers  u s i n g  t h e  LSCS and, perhaps, t o  
o t h e r  b u i l d e r s  o f  env i ronmenta l  chambers f o r  t h e  b u i l d i n g  i n d u s t r y .  

I t  i s  expected t h a t  t h i s  r e p o r t  w i l l  be o f  i n t e r e s t  t o  

xi i 
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ABSTRACT 

C o n s t r u c t i o n  of  t h e  Large Scale C l ima te  S imu la to r  has been 
completed a t  Oak Ridge N a t i o n a l  Labora tory  under t h e  sponsorship 
o f  t h e  U.S. Department o f  Energy. T h i s  new f a c i l i t y  p r o v i d e s  
t h e  r o o f i n g  i n d u s t r y  w i t h  a un ique c a p a b i l i t y  f a r  t e s t i n g  whole 
r o o f  systems under dynamic c o n d i t i o n s .  The f a c i l i t y  has been 
des ignated  a N a t i o n a l  User F a c i l i t y  and, a5 such, i s  a v a i l a b l e  
t o  r o o f i n g  researchers  f rom i n d u s t r y ,  academia, and government 
agencies f o r  t h e i r  t e s t  programs. 
des ign  d e s c r i p t i o n  o f  t h e  Large Scale C l ima te  S imu la to r  and 
o u t l i n e s  t h e  t e s t  c a p a b i l i t i e s  o f  t h e  v a r i o u s  subsystems which 
make up t h e  chamber. 
p e r a t u r e s  f rom -40 t o  93OC (-40 t o  ZOOOF) and can opera te  e i t h e r  
as an env i ronmenta l  chamber o r  a s  a guarded h o t  box. 
performance d a t a  ob ta ined  d u r i n g  t h e  acceptance t e s t i n g  o f  t h e  
chamber a r e  i n c l u d e d  i n  t h i s  r e p o r t .  

T h i s  r e p o r t  i s  p r i m a r i l y  a 

The chamber can p r o v i d e  r o o f  t e s t  tem- 

T y p i c a l  

1. INTRODUCTION 

Low-sloped r o o f s  a r e  t h e  main t y p e  o f  r o o f  i n s t a l l e d  on commercial 
b u i l d i n g s .  U n t i l  t h e  l a t e  1970s, t h e  m u l t i - p l y ,  b u i l t - u p  r o o f  w i t h  l i t t l e  
o r  no i n s u l a t i o n  served as a r e l i a b l e  des ign  cho ice .  There was l i t t l e  
i n c e n t i v e  t o  seek a l t e r n a t i v e s  e i t h e r  t o  lower  t h e  c o s t  o f  m a t e r i a l s  f o r  
t h e  r o o f  o r  t o  l ower  t h e  o p e r a t i n g  c o s t  f o r  t h e  b u i l d i n g  t h e  r o o f  covered. 

Cost o f  h e a t i n g  and c o o l i n g  energy, e s p e c i a l l y  e l e c t r i c i t y ,  inc reased 
d r a m a t i c a l l y  i n  t h e  l a t e  1970s. 
such as a s p h a l t s  f o r  b u i l t - u p  r o o f s ,  became more expensive t o  use i n  
m u l t i - p l y  c o n s t r u c t i o n .  
i n d u s t r y  a5 new m a t e r i a l s  and c o n s t r u c t i o n  techn iques  were s u b s t i t u t e d  f o r  
t h e  t r a d i t i o n a l ,  m u l t i - p l y ,  b u i l t - u p  r o o f .  The r e s u l t  has been a mix o f  
c o n s t r u c t i o n  techn iques  and m a t e r i a l s  used on low-s lope r o o f s .  

A l s o ,  m a t e r i a l s  d e r i v e d  f rom petro leum, 

A r e v o l u t i o n  f o l l o w e d  i n  t h e  low-s lope r o o f i n g  

*Research sponsored by t h e  O f f i c e  o f  B u i l d i n g s  and Community 
Systems, B u i l d i n g  Systems D i v i s i o n ,  U.S. Department o f  Energy, under 
c o n t r a c t  DE-AC05-840R21400 w i t h  M a r t i n  M a r i e t t a  Energy Systems, I n c .  
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Roof research  began a t  Oak Ridge N a t i o n a l  Labora tory  (ORNL) i n  t h e  
e a r l y  1980s i n  t h e  i n t e r e s t  o f  t h e  U .5 ,  Department o f  Energy toward energy- 
e f f i c i e n t ,  y e t  p r a c t i c a l ,  r o o f i n g  systems. The BRNL Roof  Research Center  
( R R C )  was formed t o  p r o v i d e  f a c i l i t i e s  and e x p e r t i s e  t o  t e s t  whole r o o f  
systems f o r  roofs 'ng researchers  f rom i n d u s t r y ,  academia, and governmental 
agencies.  
c o n s t r u c t i o n  o f  t h e  f a c i l i t i e s  a t  ORNL a r e  i n c l u d e d  i n  r e f s .  1-7. 

Some o f  t h e  documented research  t h a t  formed t h e  b a s i s  f o r  

I n i t i a l  rev iews by ORNL o f  U.S.  r o o f i n g  problems l e d  t o  t h e  const ruc-  
t i o n  and o p e r a t i o n  o f  t h e  Roof Thermal Research Apparatus (RTRA) i n  1984. 
The RTRA i s  an ou tdoor  t e s t  f a c i l i t y  where smal l  ( 4  f t  x 8 f t ) ,  whole 

roof systems can be dynamica l l y  t e s t e d  a g a i n s t  t h e  weather a t  t h e  ORNL 
s i t e . "  Exper ience w i t h  t h i s  f a c i l i t y  demonstrated t h e  need f o r  a 
Large Scale  Cl imate  S imu la to r  (LSCS) where wide ranges o f  weather con- 
d i t i o n s  c o u l d  be c rea ted  a.r needed f o r  s teady -s ta te  o r  dynamic t e s t s .  
A lso ,  exper ience w i t h  t h e  RTRA p rov ided  va luab le  i n s i g h t s  i n t o  t h e  c r i -  
t e r i a  r e q u i r e d  f o r  c o n s t r u c t i o n  and o p e r a t i o n  o f  t h e  LSCS. 

Cons t ruc t i on  o f  t h e  LSCS was e s s e n t i a l l y  completed by  August 31, 1987. 
The LSCS was b u i l t  under a c o m p e t i t i v e l y  b i d  d e s i g n h u i l d  c o n t r a c t  t o  t a k e  
advantage o f  e x p e r t i s e  o u t s i d e  ORNL i n  env i ronmenta l  chamber des ign  and 
manufacture.  Several  f i r m s  i n  t h e  U n i t e d  S ta tes  have p rov ided  guarded 
hot-box systems f o r  t e s t i n g  use t o  customers i n  t h e  i n t e r n a t i o n a l  market .  
A f t e r  v i s i t i n g  severa l  such vendors, ORNL s t a f f  p repared t h e  d e t a j l e d  pro-  
curement s p e c i f i c a t i o n  f o r  the  LSCS. V i s t a  S c i e n t i f i c  Corpo ra t i on  o f  
I v y l a n d ,  Pennsylvania,  was t h e  success fu l  bidder. LSCS c o n s t r u c t i o n  was 
completed on schedule and shakedown opera t i ons  \yere completed i n  e a r l y  
1988. The f i r s t  r o o f  t e s t  specimen f o r  t h e  LSCS was subsequent ly  b u i l t  a t  
ORNL and has undergone p r e l i m i n a r y  t e s t i n g .  

The LSCS i s  t h e  cen te rp iece  o f  t h e  ORNL Woof Research Center .  It 

prov ides  t h e  r o o f i n g  i n d u s t r y  w i t h  a unique c a p a b i l i t y  f o r  t e s t i n g  whole 

r o o f  systems under s teady-s ta te  o r  dynamic c o n d i t i o n s .  The Roof Research 
Center  i s  des ignated  a N a t i o n a l  User F a c i l i t y :  
i n d u s t r y ,  academia, and governmental agencies f o r  t h e i r  t e s t  programs. 
The o v e r a l l  o b j e c t i v e s  o f  t h e  f a c i l i t y  a r e  

i t  i s  a v a i l a b l e  t o  

t o  respond t o  i n d u s t r y  problems f o r  whole r o o f  
systems t e s t i n g ;  
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t o  p r o v i d e  c a r e f u l  measurements under c o n t r o l l e d  

t o  combine thermal ,  h y g r i c ,  and mechanical performance 
s teady -s ta te  and dynamic c o n d i t i o n s ;  

t e s t s  o f  whole r o o f  systems; and 
t o  develop t h e  c a p a b i l i t y  t o  p r e d i c t  whole r o o f  performance. e 

T h i s  r e p o r t  i s  p r i m a r i l y  a des ign  d e s c r i p t i o n  o f  t h e  LSCS and a 
r e c o r d  o f  des ign  d e c i s i o n s  and des ign  c r i t e r i a  t h a t  were developed f o r  t h e  
p r o j e c t .  Some o p e r a t i o n a l  procedures and i n i t i a l  performance d a t a  a r e  
a l s o  d iscussed.  A s  s teady -s ta te  and dynamic o p e r a t i o n a l  exper ience a r e  
gained,  o t h e r  r e p o r t s  w i l l  be i s sued .  

1.1 FUNCTIONS AND DESIGN REQUIREMENTS 

The LSCS a t  ORNL o f  t h e  U.S.  Department o f  Energy (DOE) can p r o v i d e  
exper imenta l  r e s u l t s  t h a t  can l e a d  t o  improved thermal  e f f i c i e n c y  and 
d u r a b i l i t y  o f  commercial and r e s i d e n t i a l  r o o f s .  The LSCS i s  a unique 
f a c i l i t y  t h a t  i s  capable o f  t e s t i n g  whole r o o f  systems under e i t h e r  
s teady -s ta te  o r  dynamic c o n d i t i o n s .  
membrane s u r f a c e  i s  f rom -40 t o  93OC (-40 t o  ZOOOF). 
can s t i m u l a t e  t y p i c a l  U.S. weather extremes w i th  a l ower  ambient tem- 
p e r a t u r e  l i m i t  o f  -40OC (-40°F) and an upper l i m i t  o f  66OC ( 1 5 O O F ) .  

Membrane temperatures above 66OC (15PF)  a r e  c r e a t e d  by h e a t i n g  f rom an 
i n f r a r e d  h e a t i n g  lamp system which can be c o n t r o l l e d  t o  s i m u l a t e  a wide 
range o f  thermal  e f f e c t s  f rom d i u r n a l  s o l a r  c y c l i n g .  A s p r i n k l e r  and 
d ra inage  system can be p r o v i d e d  t o  s i m u l a t e  a wide range o f  r a i n f a l l  r a t e s  
and r a i n  wa te r  temperatures.  
snow w i t h i n  t h e  C l ima te  Chamber, a l t h o u g h  freeze-thaw c y c l e s  w i t h  ponded 
wa te r  a r e  p o s s i b l e .  

The des ign  temperature range a t  t h e  
The C l ima te  Chamber 

There a r e  no p l a n s  f o r  t h e  manfacture of  

The LCSC can be opera ted  as an env i ronmenta l  chamber o r  as a guarded 
h o r i z o n t a l  hot-box t e s t  f a c i l i t y  w i t h  ou tdoor  c o n d i t i o n s  s i m u l a t e d  above 
t h e  r o o f  t e s t  specimen and i n d o o r  c o n d i t i o n s  below. 
conduct  a s teady -s ta te  t e s t s  i n  accordance w i t h  ASTM Des igna t ion  C-236: 
"Steady-State Thermal Performance o f  B u i l d i n g  Assemblies by Means o f  a 
Guarded Ho t  Box." The chamber i s  des igned t o  t e s t  thermal  performance, 
wa te r  t i g h t n e s s ,  and s t r u c t u r a l  i n t e g r i t y  o f  3.9 x 3.9 m ( 1 2 - f t  9 - i n .  x 

12 f t  9 i n . )  square r o o f  sec t i ons ,  hav ing  R-values r a n g i n g  f rom 

One requ i remen t  i s  t o  
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0.7 t o  7.0 m*K/W ( 4  t o  h - f t * - O F / B t u ) .  
t o  develop procedures f o r  dynamic hot-box o p e r a t i o n .  

The f a c j l i t y  w i l l  a l s o  be used 

The LSCS chamber i s  des igned f o r  p e r i o d s  o f  con t i nous  o p e r a t i o n  f o r  
a s  l o n g  as severa l  days t o  weeks. A l l  c o n t r o l s  and da ta  c o l l e c t i o n  a m  
automat ic  and programmable. Thus, ope ra to rs  a r e  n o t  needed r o u t i n e l y  a t  

n i g h t  o r  on weekends, l e a d i n g  t o  s i g n i f i c a n t  o p e r a t i o n a l  c o s t  sav ings.  
The LSCS i s  des igned t o  opera te  a t  p ressures  s l i g h t l y  above o r  below 

atmospher ic  p ressure .  The Roof ing  I n d u s t r y  Research Adv iso ry  Panel recom- 
mended t h a t  the  C l imate  Chamber be capable o f  o p e r a t i n g  a t  a nega t i ve  
pressure  d i f f e r e n c e  o f  a t  l e a s t  1.44 kPa (-5.8 i n .  o f  water  gage), wh ich  
p r o v i d e s  an u p l i f t  f o r c e  O F  more than  1 .44  kN/mz (30 l b s  f o r c e  p e r  f t2)  t o  
d u p l i c a t e  a common w i n d - u p l i f t  s i m u l a t i o n  t e s t  used i n  t h e  U . S .  r o o f i n g  
i n d u s t r y  and t o  do e x f i l t r a t i o n  s tud ies .  The C l ima te  Chamber can be 
p r e s s u r i z e d  t o  1.24 kPa above atmospher ic  p ressure  ( - 6 . 0  i n .  o f  wa te r  

gage) so t h a t  a i r  i n f i l t r a t i o n  t e s t s  can be conducted. 
p r e s s u r i z a t i o n  can a l s o  be used t o  s imu la te  u n i f o r m  l o a d i n g  on t h e  upper 
su r face  o f  t h e  t e s t  r o o f .  

The p o s i t i v e  

The LSCS i s  p r i m a r i l y  f a r  r e l a t i v e l y  shor t - te rm dynamic t e s t s  o f  
whole r o o f  systems, n a t  f o r  long- term ag ing  t e s t s .  Maximum p e r i o d s  o f  
o n l y  a few months a r e  a n t i c i p a t e d .  There fore ,  n e i t h e r  u l t r a v i o l e t  
l i g h t i n g  ( t o  s imu la te  long- term s o l a r  ag ing  e f f e c t s )  no r  o t h e r  environmen- 
t a l  ag ing  e f f e c t  s i m u l a t o r s  a r e  p lanned w i t h i n  t h e  C l imate  Chamber. I f  

such ag ing  t e s t s  become needed, they  w i l l  be c a r r i e d  o u t  i n  p re-  
c o n d i t i o n i n g  t e s t s .  Such t e s t s  would be e x t e r n a l  t o  t h e  chamber w i t h  
i n t e r m i t t e n t  t e s t i n g  w i t h i n  t h e  LSCS t o  observe t h e  e f f e c t s  o f  ag ing  on 
r o o f  performance. S i m i l a r i l y ,  t h e  r a i n  system i s  n o t  i n tended  t o  eva lua te  
long- term e f f e c t s  f rom a c i d r a i n .  There fore ,  o r d i n a r y  t a p  wa te r  w i l l  be 
used i n  t h e  r a i n  making system. 

1 . 2  OPERATING REQUIREMENTS 

A major  LSCS o p e r a t i n g  requ i rement  i s  t h a t  whole r o o f  systenis be 
t e s t e d  under e i t h e r  s teady-s ta te  o r  dynamic o p e r a t i n g  c o n d i t i o n s ,  
Computerized parameter c o n t r o l  and au tomat ic  d a t a  a c q u i s i t i o n  a r e  b u i l t - i n  
t o  a l l o w  unat tended o p e r a t i o n  on n i g h t s  and weekends. The d a t a  system 
must handle over  300 da ta  channels  d u r i n g  some t e s t s .  
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The h i g h  f i x e d  c o s t  o f  exper imenta l  equipment such as t h e  LSCS 
d i c t a t e s  t h a t  i t  be k e p t  i n  u s e f u l  p r o d u c t i o n  o f  d a t a  as much a s  p o s s i b l e .  
Tes t  specimens can be i n s t a l l e d  r a p i d l y  i n  t h e  LSCS by means o f  an over-  
head 89-kN (10-ton) crane.  Q u i c k  i n s t a l l a t i o n  i s  needed because most 
t e s t s  w i l l  be o f  r e l a t i v e l y  s h o r t  d u r a t i o n .  I n  a d d i t i o n ,  d i f f e r e n t  t e s t  
specimens a r e  p u t  i n  u n i f o r m  D i a g n o s t i c  P l a t f o r m s ,  which a r e  reusab le  
mount ing frames c o n t a i n i n g  p r e w i r e d  connec t ions  t o  t h e  d a t a  a c q u i s i t i o n  
system. M u l t i - p i n  qu i ck -d i sconnec to rs  w i l l  be used on t h e  numerous d a t a  
channels t o  a i d  r a p i d  i n s t a l l a t i o n  o f  a new t e s t  specimen and i t s  D i a g n o s t i c  
P l a t f o r m  w i t h i n  t h e  C l ima te  Chamber. 
c o n t i n u i t y ,  and p o l a r i t y  t e s t s  can be performed on t h e  i n s t r u m e n t a t i o n  o f  
a new specimen w h i l e  i t  i s  i n  a D i a g n o s t i c  P l a t f o r m  p r i o r  t o  i t s  i n t r o d u c t i o n  
i n t o  t h e  chamber. T h i s  p r e l i m i n a r y  work e x p e d i t e s  i n s t a l l a t i o n  and 
subsequent o p e r a t i o n .  

Ex tens i ve  p r e c a l i b r a t i o n ,  w i r e  

1.3 SYSTEM CONFIGURATION AND MAJOR FEATURES 

F i g u r e  1 i s  a schematic drawing showing t h e  des ign  concept o f  t h e  
LSCS. 
Mete r ing  Chamber, Guard Chamber, and a D i a g n o s t i c  P l a t f o r m  c o n t a i n i n g  a 
low-slope r o o f  t e s t  specimen. 

p r i m a r i l y  t o  reduce t h e  o v e r a l l  h e i g h t  o f  t h e  ORNL b u i l d i n g  (Bldg.  3144) 
i n  which t h e  LSCS i s  l o c a t e d .  The e n t i r e  chamber i s  mounted on a s e r i e s  
of I-beams a l o n g  t h e  p i t  f l o o r  t o  p r o v i d e  l o a d  d i s t r i b u t i o n .  
a l s o  a l l o w  room f o r  access t o  mod i f y  t h e  base o f  t h e  chamber i f  t e s t  
program developments so i n d i c a t e .  

The f o u r  ma jo r  elements o f  t h e  system a r e  t h e  C l ima te  Chamber, 

The Guard and M e t e r i n g  Chambers a r e  l o c a t e d  below grade i n  a p i t ,  

The I-beams 

The M e t e r i n g  Chamber may be r a i s e d  o r  lowered on a h y d r a u l i c a l l y  
ope ra ted  l i f t i n g  mechanism. 
p o s i t i o n  and t h e  system i s  operated a t  s teady -s ta te  c o n d i t i o n s ,  t h e  LSCS 
meets a l l  t h e  requi rements o f  ASTM C-236 f o r  guarded h o t b o x e s .  I n  t h i s  
case t h e  m e t e r i n g  area w i l l  be 2.4 x 2.4 m (8  x 8 ft) and t h e  guard a rea  
extends t o  3.7 x 3.7 m (12 x 12 f t) .  
opera ted  more f r e q u e n t l y  w i t h  t h e  Me te r ing  Chamber lowered and under 

dynamic temperature c o n d i t i o n s  u s i n g  t h e  f u l l  3,7 x 3.7 m (12 x 12 f t)  
unders ide  x specimen area. 

When t h e  Me te r ing  Chamber i s  i n  t h e  r a i s e d  

I t i s  expected t h a t  t h e  LSCS w i l l  be 
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CLIMATE CHAMBER 

1 r INFRARED 
HEATING iAMPS 

ACCESS DOORS T O  
CLIMATE CHAMBER-  

RAIN SIMULATOR 
(PIVOTAB LE 1 

1 COIL j ,,ROOF TEST SPECIMEN 

Fig. 1. Large Scale Climate Simulator desfgn concept. 
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The LSCS is designed to accommodate a wide range of roof test 
specimen weights ranging from lightweight metal roof decking to more 
massive concrete roof support structures. Therefore, the chamber is built 
with eight integral support columns to withstand the anticipated heavy 

vertical loading. These columns are located directly under the Diagnostic 

Platform and are designed to transfer the load directly to the heavily 
reinforced concrete pit floor. Total combined weights of the Diagnostic 
Platform and roof test specimen up to 80 kN (18,000 lb) can be accommodated. 

of indoor temperatures from 7 to 66OC (45 to 150OF) .  

bers, the ambient air temperature i s  conditioned by finned heat exchanger 
coils. Tap water is used as the heat transfer fluid to supply the coils. 

The Guard and Metering Chambers are designed to simulate a wide range 

In these two cham- 

The Climate Chamber can be operated over an ambient temperature 

range of -40 to 6 6 O C  (-40 to 1 5 O O F ) .  An array o f  infrared heating lamps 
are mounted on the ceiling of the Climate Chamber, with temperatures auto- 

matically controlled up to 93OC ( Z O O O F )  at the upper surface of the test 
specimen, usually the roof membrane. 

A nozzle can be located just below the level o f  the infrared lamps on 
a pivotable arm for use in selected tests to simulate rain in the Climate 
Chamber. Cooling of the Climate Chamber is done with a two-stage 
halocarbon-based refrigeration system, which is located on a concrete pad 
external to the building. Heating o f  the Climate Chamber air is provided 
by a 42-kW electric heating coil within the chamber. Heating and cooling 

are controlled separately in the Climate, Guard, and Metering Chambers. 
Wood is the basic structural material o f  the LSCS. The walls, floor, 

and ceiling of both the Climate and Guard Chambers are built of kiln dried 

fir and are covered with coated plywood of various thicknesses, depending 
on location. Cavities in the wall interior are filled with fiberglass 
insulation. 

field-applied coating o f  fiberglass-reinforced polyester to provide protec- 
tion from simulated rainfall. 

The lower portion of the Climate Chamber is waterproofed by a 

The Metering Chamber is fabricated of 4-in.-thick polyisocyanurate 
foam insulation covered by figerglass-reinforced polyester. 
consists of a floor and four walls, fabricated i n  a single piece t o  reduce 

The chamber 
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o p p o r t u n i t i t e s  f o r  a i r  i n f i l t r a t i o n  d u r i n g  opera t i on .  
Chamber has a smal l ,  c rawl - th rough access door  on i t s  west  w a l l .  The 
upper pe r ime te r  o f  t h e  chamber has a double gasket  o f  s o f t  rubber  t h a t  
compresses a g a i n s t  t h e  unders ide  o f  t h e  t e s t  specimen when t h e  Me te r ing  
Chamber i s  i n  t h e  r a i s e d  p o s i t i o n .  

The Me te r ing  

1.4 SAFETY REQUIREMENTS 

The LSCS i s  l o c a t e d  i n  a b u i l d i n g  t h a t  i s  p r o t e c t e d  by  an overhead 
f i r e  s p r i n k l e r  system. Moreover, added s p r i n k l e r  p r o t e c t i o n  i s  p rov ided  
w i t h i n  b o t h  t h e  C l imate  and Guard Chambers. The minimum o p e r a t i n g  
temperature o f  - 4 O O C  (-40°F) i n  t h e  C l imate  Chamber r e q u i r e s  t h a t  d ry - t ype  
pendant s p r i n k l e r  nozz les  be used t o  p rec lude  f r e e z i n g  problems. Four 
such nozz les  a r e  mounted th rough t h e  c e i l i n g  o f  t h e  C l imate  Chamber t o  
p r o v i d e  coverage f o r  t h e  f l o o r  area. 
f o u r  s ide-wa l l  s p r i n k l e r s  o f  convent iona l  wet- type des ign  t h a t  a r e  l o c a t e d  
near t h e  c e i l i n g .  A l l  s p r i n k l e r  heads i n  b o t h  chambers a r e  r e g u l a t e d  t o  
a c t i v a t e  a t  131OC (268OF). 

The Guard Chamber i s  p r o t e c t e d  by  

P r o v i s i o n s  have been made t o  mon i to r  p o s s i b l e  o f f -gass ing  o f  t h e  
r o o f i n g  membranes t h a t  w i l l  be enc losed w i t h i n  t h e  C l ima te  Chamber d u r i n g  

o p e r a t i o n .  
maximum membrane temperatures up t o  93OC (ZOOOF), b u t  sa fe  o p e r a t i o n  w i t h  
t h e  a n t i c i p a t e d  wide range o f  r o o f i n g  p roduc ts  d i c t a t e s  t h a t  con t inuous  
m o n i t o r i n g  be done. 
bu i l d -up  o f  an e x p l o s i v e  vapor concen t ra t i on .  A chamber v e n t i l a t i o n  
system i s  a l s o  p r o v i d e d  so t h a t  f r e s h  a i r  can be c i r c u l a t e d  th rough  t h e  
chamber and exhausted o u t s i d e  p r i o r  t o  e n t r y  o f  personne l .  
v e n t i l a t i o n  p r o v i s i o n  should a l l a y  any concern about  ope ra to r  s a f e t y  due 
t o  o f f - g a s  b u i l d - u p .  

The most obv ious t ime  f o r  concern would be d u r i n g  o p e r a t i o n  a t  

A hydrocarbon d e t e c t o r  i s  p rov ided  t o  m o n i t o r  any 

T h i s  

An exhaust  hood i s  a t  t h e  n o r t h e a s t  co rne r  w i t h i n  B ldg .  3144 so t h a t  
fumes f r o m  r o o f  m a t e r i a l s  can be removed w i t h o u t  d i s r u p t i n g  o t h e r  
ope ra t i ons  i n  t h e  b u i l d i n g  d u r i n g  assembly o f  r o o f  t e s t  specimens. 
M a t e r i a l s  o f  concern r e q u i r i n g  v e n t i n g  a r e  h o t  c o a l  t a r ,  h o t  aspha l t ,  and 
as y e t  u n s p e c i f i e d  adhesive m a t e r i a l s  r e l a t e d  t o  s i n g l e - p l y  r o o f i n g  
membranes. 
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I n s i d e  t h e  C l imate  and Guard Chambers a r e  te lephones f o r  use i n  t h e  
u n l i k e l y  event  t h a t  someone becomes t rapped i n s i d e .  
temperature l i m i t s  o f  t h e  chambers c o u l d  be l i f e - t h r e a t e n i n g  o v e r  
p r o t r a c t e d  pe r iods .  
can p r o v i d e  immediate response t o  an emergency c a l l .  

l a r g e  equipment used i n  assembling, i n s t a l l i n g ,  and t e s t i n g  t h e  r o o f  t e s t  
specimens, some o f  which weigh up t o  8165 kg (18,000 lb). 

Both  t h e  h i g h  and low 

The f i r e  department a t  ORNL i s  on cont inuous  d u t y  and 

Sa fe ty  t r a i n i n g  programs w i l l  be p r o v i d e d  f o r  a l l  o p e r a t o r s  of t h e  

2. DETAILED FACILITY DESCRIPTION 

The LSCS i s  l o c a t e d  w i t h i n  Bldg. 3144 a t  ORNL. The b u i l d i n g  i s  a 
new, pre-engineered meta l  b u i l d i n g  w i th  overhead crane f a c i l i t i e s  t h a t  was 
b u i l t  s p e c i f i c a l l y  t o  house t h e  LSCS and i t s  r e l a t e d  r o o f  research  work. 
The LSCS i s  t h e  c e n t e r p i e c e  of t h e  RRC, but r e l a t e d  r o o f  r e s e a r c h  i s  a l s o  
c a r r i e d  o u t  i n  t h e  RTRA. Some suppor t  personnel  and da ta  a c q u i s i t i o n  and 
a n a l y s i s  apparatus a r e  housed i n  t h e  a d j a c e n t  Bldg. 3114. 
photograph o f  these b u i l d i n g s .  

F i g u r e  2 i s  a 

2.1 DESIGN FEATURES OF BUILDING 3144 

A new b u i l d i n g  houses t h e  LSCS because no s u i t a b l e  f a c i l i t i e s  were 
a v a i l a b l e  i n  t h e  Oak Ridge area. Pre-engineered meta l  b u i l d i n g  c o n s t r u c t i o n  
was se lec ted  because o f  b o t h  c o s t  and schedule cons ide ra t i ons .  The 
b u i l d i n g  was e r e c t e d  by Lee Wan and Associates,  I n c . ,  of Decatur,  Georgia, 
under a d e s i g d b u i l d  c o n t r a c t .  The d e s i g d b u i l d  concept e l i m i n a t e s  one o f  
t h e  two r a t h e r  l e n g t h y  b id  and award processes i n h e r e n t  t o  separate des ign  
and bu i ld  procedures.  Moreover, change o rde rs  due t o  drawing i n t e r p r e t a -  
t i o n s  a r e  u s u a l l y  fewer i n  number when t h e  des igner  i s  a l s o  t h e  b u i l d e r .  
The concept  worked w e l l  and t h e  new b u i l d i n g  was completed w i t h i n  fund ing  
and on schedule. F i g u r e  3 i s  a photograph of  t h e  b u i l d i n g  i n t e r i o r  t h a t  
was taken when i t s  c o n s t r u c t i o n  was completed but b e f o r e  i n s t a l l a t i o n  o f  
t h e  LSCS. 
i n s t r u m e n t  shop f o r  t h e  LSCS. 

The room on t h e  r i g h t  s i d e  houses t h e  c o n t r o l  room and t h e  
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Fig.  2. Photograph o f  the  t h r e e  b u i l d i n g s  which house the  Roof Research Center  a t  ORNL. 
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The facility layout of Bldg. 3144 is shown in Fig. 4. The LSCS is 
located in the southeast corner of the 650 m2 (7000 ft2) building. 
floor areas are required within the building because of the size of the 
test specimens in their Diagnostic Platforms, namely, about 4.5 x 4.5 m 
(14 ft 8 in. x 14 ft 8 in.) square in the plan view. Two assembly areas 
will be used for construction of new roof test specimens. 
tion is expected to occur concurrently with test operations within the 
LSCS. 

An exhaust hood is provided so that roof assembly operations with 

Large 

This construc- 

materials such as hot asphalt or coal tar may be conducted without vapor 
contamination of the remainder of the building. 
door on the exhaust hood allows access for roof specimens into the hood 
area by the overhead crane. 
resistant welding curtain that is drawn closed during assembly operations 
to contain unwanted vapors. 

hood. 
or flammable adhesives ignite. All electric wiring and lighting within 
the hood is explosion-proof in the unlikely event that explosive air 
moistures result during assembly operations. 
of spark-proof construction. An escape door is provided in  the south wall 
o f  the hood enclosure to preclude personnel entrapment. The exhaust fans 
are sized to provide air approach velocities of 46 m h i n  (150 ft/min) when 
the curtains on the hood are drawn. In accordance with Martin Marietta 
Energy Systems, Inc., (Energy Systems) Health and Safety Procedure 70-26, 
such velocities are required at ORNL when handling carcinogenic vapors 
such as coal tar. 

A I8preconditioning" area is shown adjacent to the LSCS in the 

A manually operated roof 

The west side of the exhaust hood has a fire- 

Several safety features are included in the design of the exhaust 
A fire sprinkler system is provided in case hot asphalt materials 

The exhaust fan blades are 

facility layout (Fig. 4). This area i s  for roof test specimens that 
require conditioning or aging either prior to or during intermittent 
testing within the LSCS. 
ultraviolet damage to roofing membranes could be demonstrated here. 
Similarly, long-term aging of foamed insulation materials or long-term 
moisture migration might be evaluated here. This general approach will 

For example, long-term aging effects such a 
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a l l o w  t h e  LSCS t o  be used t o  maximum b e n e f i t  by i n c r e a s i n g  t h e  number and 
types  o f  t e s t s  be ing  s t u d i e d  w i t h i n  a g iven t ime  pe r iod .  

Storage o f  severa l  r o o f  t e s t  specimens i s  a n t i c i p a t e d .  Racks i n  t h e  
s to rage areas o f  t h e  b u i l d i n g  a r e  reserved f o r  t h i s  purpose, and t h e i r  
des ign  i s  descr ibed l a t e r .  

The i n s u l a t e d  pre-engineered meta l  b u i l d i n g  has i n t e r i o r  p r e f i n i s h e d  
meta l  l i n e r  pane ls  t h a t  cover  t h e  thermal  i n s u l a t i o n  on b o t h  t h e  w a l l s  
and r o o f .  The w a l l  and r o o f  i n s u l a t i o n  i s  f i b e r g l a s s  (R-11 w a l l s ,  R-19 
r o o f ) .  
area i s  served by a 89-kN (10-ton) overhead b r i d g e  crane. The f l o o r  i s  
15-cm-thick (6 - in . )  r e i n f o r c e d  concre te  w i th  a grate-covered u t i l i t y  
t r e n c h  near t h e  c e n t e r  o f  t h e  b u i l d i n g  f l o o r .  
which houses t h e  lower  h a l f  o f  t h e  LSCS i s  l o c a t e d  i n  t h e  southeast  corner .  
The e n t i r e  b u i l d i n g  i s  a i r  c o n d i t i o n e d  by  a 88-kW (25 tons  o f  r e f r i g e r a -  
t i o n )  pad-mounted packaged u n i t ,  which i s  l o c a t e d  o u t s i d e  t h e  b u i l d i n g .  
B u i l d i n g  h e a t i n g  i s  p r o v i d e d  by steam c o i l s  t h a t  a r e  f e d  f rom t h e  ORNL 
steam p l a n t .  The c o n t r o l  room and ins t rumen t  shops a l s o  have i n d i v i d u a l  
ce i l ing-mounted 5.3-kW (1.5-ton) water  source a i r  c o n d i t i o n e r s  and 3-kW 
e l e c t r i c  heaters  so t h a t  these areas may be temperature c o n t r o l l e d  
separa te l y  f r o m  t h e  main b u i l d i n g .  The e n t i r e  b u i l d i n g  i s  p r o t e c t e d  by 
a wet p i p e  s p r i n k l e r  system w i th  74OC (16OOF) s p r i n k l e r  heads. 

The normal eave h e i g h t  i s  7.3 m (24 ft), and t h e  e n t i r e  b u i l d i n g  

A 3-m-deep ( 1 0 - f t )  p i t  

2.2 DETAILED DESCRIPTION OF THE LSCS 

The c a p a b i l i t i e s  o f  t h e  LSCS a r e  summarized i n  t h e  t a b u l a t i o n  o f  
des ign  parameters shown i n  Table 1. 
c o n d i t i o n s  w i t h i n  these ranges shows t h e  f l e x i b i l i t y  o f  t h e  apparatus.  
D i a g n o s t i c  P la t fo rms  add t o  t h e  range o f  p o s s i b l e  exper iments.  

t h e  D i a g n o s t i c  P l a t f o r m  t o  be moved i n t o  t h e  chamber as shown i n  F ig .  5. 
The r o o f  door a l l o w s  access by t h e  overhead crane so t h a t  r o o f  t e s t  spec i -  
mens may be moved h o r i z o n t a l l y  i n t o  t h e  C l imate  Chamber and then lowered 
i n t o  f i n a l  p o s i t i o n .  The b o x - l i k e  s t r u c t u r e  o f  t h e  LSCS i s  s t rengthened 
by e x t e r n a l l y  mounted s t e e l  members, some o f  which a r e  v i s i b l e  i n  F ig .  5. 
The Guard Chamber w a l l s  a r e  n o t  v i s i b l e  i n  F ig .  5 because t h i s  chamber i s  

The a b i l i t y  t o  va ry  o p e r a t i n g  

A l l  access doors t o  t h e  C l imate  Chamber o f  t h e  LSCS must be open f o r  

I 
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Table 1. Design parameters f o r  t h e  Large Scale C l imate  S i m u l a t o r  

T e s t  o p e r a t i o n  

S ize  o f  r o o f  specimen 

S ize  o f  d i a g n o s t i c  p a t t e r n  

S ize  o f  m e t e r i n g  chamber 

S ize  o f  guard chamber j u s t  
below r o o f  specimen 

S ize  o f  c l i m a t e  chamber 

Temperature and dew p o i n t  ranges 
C l imate  Chamber 

Guard Chamber 

M e t e r i n g  Chamber 

Wind v e l o c i t i e s  

Rai n f a l  1 (planned) 

I n f r a r e d  h e a t i n g  

Maximum t e s t  p iece  we igh t  

D i a g n o s t i c  P l a t f o r m  we igh t  
Z-frame w e i g h t  
T y p i c a l  roo f  specimen w e i g h t  
Vacuum u p l i f t  i n  C l imate  Chamber 

t o  s imu la te  i n f i l t r a t i o n  o r  
i n s u l a t i o n  compression 

P r e s s u r i z a t i o n  o f  C l imate  
Chamber t -  i m u l a t e  
i n f i l t r a t i o n  o r  i n s u l a t i o n  
compression 

Heat ing  r a t e  o f  temperature 
change i n  C l imate  Chamber 

C o o l i n g e r a t e  o f  temperature 
change i n  C l imate  Chamber 

i n c l u d i n g  D i a g n o s t i c  P l a t f o r m  

24/h day; o p e r a t o r s  n o t  p r e s e n t  on 
n i g h t s  o r  weekends 

3.9 x 3.9 m (12 f t  9 i n .  x 12 f t  9 i n . )  
w i th  v a r i a b l e  t h i c k n e s s  i n s u l a t i o n  

4.5 x 4.5 m (14 f t  8 i n .  x 14 f t  8 i n . )  
o u t s i d e  dimensions 

2.4 x 2.4 m (8 x 8 ft) i n s i d e  dimension 
x 1.7 m (5  f t  6 i n . )  h i g h  

3.7 x 3.7 m (12 x 12 ft) i n s i d e  dimension 
x 2.54 m (8 f t  4 i n . )  h i g h  

6 .1  x 6.1 m (20 x 20 ft) i n s i d e  dimension 
x approx. 3 .1 m (10 ft) h i g h  

A i r  temperature -40 t o  66OC (-40 t o  
15OOF); i n f r a r e d  h e a t i n g  t o  93OC 
(ZOOOF) a t  t h e  membrane su r face  
c o n t r o l l e d  dew p o i n t  range 3 t o  5OoC 
(37 t o  122°F) 

A i r  temperature 7 t o  66OC (45 t o  15OOF); 
c o n t r o l l e d  dew p o i n t  range 3 t o  5OoC 
(37 t o  122OF) 

A i r  temperature 7 t o  66OC (45 t o  15OOF); 
dew p o i n t  n o t  c o n t r o l l e d  

0.9 m/s (2  mph) from HVAC fans  
0.9 t o  9 m/s ( 2  t o  20 mph) f rom 

D i a g n o s t i c  P l a t f o r m  fans  (conceptual )  
0.5 t o  13 cm/h (0.2 t o  5 i n .  h) 

( t a p  water )  
0 t o  1000 W/m2 (0 t o  340 B t u / h - f t 2  a t  

t h e  membrane sur face)  

80 kN (18,000 1 b) 
12 kN (2700 l b )  
0.67 kN (1500 lb)  
27 kN (6000 l b )  
-1.4 kPa AP (0  t o  -5.8 i n .  w.g.) 

1 .2 kPa AP (0 t o  +5.0 i n .  w.g.) 

(30 l b / f t 2  load ing )  

(26 l b / f t 2  load ing )  

-40 t o  66OC (-40 t o  150OF) i n  2 h 

66 t o  2OC (150 t o  35OF) i n  1 h; 
2 t o  -4OOC (35 t o  -4OOF) i n  2 h 
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Fig .  5 .  Moving a Diagnost ic P la t form i n t o  t h e  Large Scale Cl imate Simulator .  

V 4 
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l o c a t e d  i n  t h e  p i t  (below t h e  main f l o o r  l e v e l )  t h a t  i s  accessed by a 
s t a i r w a y  v i s i b l e  a t  t h e  r i g h t  s i d e  of t h e  C l ima te  Chamber. 
h e a t i n g  lamp system and ra in-making system had n o t  y e t  been i n s t a l l e d  
w i t h i n  t h e  C l ima te  Chamber when t h i s  Fhotograph was taken. 

The i n f r a r e d  

2.2.1 Wal l  C o n s t r u c t i o n  D e t a i l s  

The C l ima te  and Guard Chambers a r e  of s i m i l a r  c o n s t r u c t i o n  w i t h  wooden 
framework, plywood sheath ing,  and f i b e r g l a s s  thermal  i n s u l a t i o n  i n  t h e  
w a l l s ,  f l o o r s ,  and c e i l i n g s .  The wooden framework s tudd ing  i s  3.8 x 20-cm 
( 1 . 5  x 8 - i n . )  k i l n  d r i e d  f ir l o c a t e d  on about 61-cm (24- in . )  c e n t e r s .  The 
i n t e r i o r  plywood shea th ing  i s  1.2-cm (0 .5 - in . )  t h i c k  w i t h  a w h i t e ,  p l a s t i c  
c o a t i n g  (Kemply) which p r o v i d e s  w a t e r p r o o f i n g .  The e x t e r i o r  plywood 
shea th ing  i s  8-mm (5/16- in.)  t h i c k  w i t h  a p a i n t e d  aluminum c l a d d i n g .  
D e t a i l e d  drawings were prepared by t h e  vendor f o r  each p r e f a b r i c a t e d  
wooden panel  o f  t h e  chamber. One s e t  o f  these drawings i s  a v a i l a b l e  a t  
t h e  RRC f o r  r e c o r d  purposes ( l i s t e d  i n  i t e m  3 o f  Appendix A ) .  

d i f f e r e n t  f rom t h a t  o f  t h e  o t h e r  two chambers. I t  i s  formed f rom 
p o l y i s o c y a n u r a t e  c e l l u l a r  p l a s t i c  board foam i n s u l a t i o n  t h a t  i s  coa ted  
w i t h  r e s i n  and f i b e r g l a s s .  
w i t h  f i r e - r e t a r d a n t  p o l y e s t e r .  
subcon t rac to r ,  Warminster F i b e r g l a s s  o f  South Hampton, Pennsylvania,  as a 
s i n g l e  u n i t  so t h a t  i t  would be a i r t i g h t  and have minimum areas f o r  
thermal  b r i d g i n g .  The thermal  i n s u l a t i o n  i s  formed f rom two l a y e r s  o f  
i n s u l a t i o n ,  each 5-cm ( 2 - i n . )  t h i c k  w i t h  o v e r l a p p i n g  j o i n t s .  The f i b e r -  
r e i n f o r c e d  p l a s t i c  was hand-sprayed on to  t h e  foam and i s  about 3-mm 
(1 /8 - in . )  t h i c k .  P h y s i c a l  p r o p e r t i e s  o f  t h e  l am ina te ,  which c o n t a i n s  
about 25% g l a s s  f i b e r ,  a r e  shown i n  Table 2. 

manufactured by t h e  Dow Chemical Company as "Trymer 190" r i g i d  foam insu -  
l a t i o n .  
(1.9 l b / f t 3 )  a t  23OC (74OF) w i t h  a quoted "aged" R-value p e r  u n i t  
t h i c k n e s s  o f  37.4 m-k/W (5 .4  h . f t 2 - O F / B t u . i n . ) .  
s e r v i c e  temperature f rom -40 t o  107OC (-40 t o  225OF), which g r e a t l y  
exceeds t h e  o p e r a t i n g  temperature range o f  t h e  Me te r ing  Chamber. 

The w a l l  and f l o o r  c o n s t r u c t i o n  o f  t h e  Me te r ing  Chamber i s  q u i t e  

The c o a t i n g  i s  about 25% chopped f i b e r g l a s s  
The e n t i r e  Me te r ing  Chamber was b u i l t  by a 

The p o l y i s o c y a n u r a t e  i n s u l a t i o n  f o r  t h e  Me te r ing  Chamber was 

The foam i n s u l a t i o n  has a nominal d e n s i t y  o f  30.4 kg/m3 

The i n s u l a t o n  has a r a t e d  
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Table 2. Phys i ca l  p r o p e r t i e s  o f  f i b e r -  
r e i n f o r c e d  p l a s t i c  r e s i n  

ASTM t e s t  method 

T e n s i l e  s t r e n g t h  14,000 p s i  D638 

F l e x u r a l  s t r e n g t h  25,000 p s i  D790 

F1 exu ra l  modul us 1.0 x l o 6  D790 

Impact ,  Notched, Izod ,  15 
f o o t  pounds p e r  i n c h  

D256 

Barco l  hardness 40 min. avg. 02583 

Water abso rp t i on ,  0.1% 
%, 24 h 

0570 

Average c o e f f i c i e n t  o f  10.5 x D696 
thermal  expansion, p e r  O F  

Aging o f  foam i n s u l a t i o n  i s  a t o p i c  o f  g r e a t  c u r r e n t  i n t e r e s t  i n  t h e  
b u i l d i n g  i n d u s t r y .  There fore ,  16 e x t r a  foam i n s u l a t i o n  boards were 
procured d u r i n g  t h e  Meter ing  Chamber f a b r i c a t i o n  f o r  con t inued  e v a l u a t i o n  
a t  ORNL. Thermal c o n d u c t i v i t y  t e s t s  were conducted on these e x t r a  boards 
a t  t h e  ORNL Screen Tes te r  by D. L. McElroy and R. S.  Graves i n  May 1987, 
when t h e  board  age was 163 days. 
c o n d u c t i v i t y  o f  0.023 W/m-K (0.158 B tu - in . /h . f t ' .OF)  o r  a u n i t  t h i c k n e s s  
R-value o f  6.3 h - f t ' - O F / B t u - i n .  Fu ture  t e s t s  a r e  p lanned t o  f o l l o w  t h e  
p o t e n t i a l  l o s s  o f  i n s u l a t i o n  va lue  i n  b o t h  t h e  e x t r a  uncoated i n s u l a t i o n  
boards and t h e  i n s u l a t i o n  w i t h i n  t h e  Me te r ing  Chamber w a l l s .  

A t  24OC (75OF), t h e  boards had a thermal  

2 .2 .2  C l imate  Chamber Desiqn 

The f l o o r  p l a n  l a y o u t  and se lec ted  dimensions o f  t h e  C l imate  Chamber 
a r e  shown i n  t h e  upper h a l f  o f  F ig .  6.  The two main access doors a t  
t h e  n o r t h  end o f  t h e  C l ima te  Chamber p r o v i d e  a wide opening C5.2 m (17 f t) ]  
f o r  i n t r o d u c t i o n  o f  exper iments i n t o  t h e  chamber v i a  t h e  s l o t t e d  r o o f  
access door  and t h e  overhead crane.  
main access door  i s  2.82 m ( 9  f t .  3 i n . ) .  However, t h e  c l e a r  h e i g h t  f o r  
i n t r o d u c t i o n  o f  exper iments i s  reduced because t h e  i n f r a r e d  lamps and f i r e  

The h e i g h t  o f  t h e  C l ima te  Chamber 
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6.1m SOAJARE. INSIDE DIMENSION 
(20 h.) t- 
117 h.l 

- 4 . h  SQUARE. OUTSIDE DIMEWIION 
I14 h.-0 In.) OF DIAONOSTIC PLATFORM 7 

. .  

P 

AIN NOZZLE 

I 
P U N  VIEW OF CLIMATE CHAMBER 

I 

CUMATL DIAQNOBTIC PLATFORM 
CHAMBER k /ROO? 5CECIUEW 

F i g .  6. F l o o r  p l a n  v iew o f  t h e  Cl imate Chamber. 
E l e v a t i o n  v iew through Guard Chamber showing t h e  Meter ing 
Chamber shown i n  a p a r t i a l l y  lowered p o s i t i o n .  
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s p r i n k l e r s  p r o j e c t  downward f rom t h e  c e i l i n g .  
nozz les  p r o j e c t  0.53 m ( 2 1  i n . )  below t h e  c e i l i n g .  Therefore,  t h e  c l e a r  
h e i g h t  f o r  i n t r o d u c t i o n  o f  exper iments i s  n o m i n a l l y  about 2.29 m 

( 7  f t  6 i n . ) .  The i n f r a r e d  h e a t i n g  lamps a r e  l o c a t e d  above t h e  p lane  o f  
t h e  s p r i n k l e r  nozz les .  

below. The D i a g n o s t i c  P l a t f o r m  i s  o u t l i n e d  by d o t t e d  l i n e s  i n  F i g .  6 t o  
show c learances a v a i l a b l e  w i t h i n  t h e  C l ima te  Chamber when a r o o f  e x p e r i -  
ment i s  i n  p o s i t i o n  f o r  t e s t i n g .  
h i g h )  personnel  access door  i s  l o c a t e d  a t  t h e  southwest c o r n e r  o f  t h e  
C l ima te  Chamber. The f u t u r e  l o c a t i o n  o f  t h e  nozz le  arm i s  on t h e  e a s t  
w a l l  o f  t h e  chamber. The r a i n  nozz le  arm w i l l  be des igned t o  p i v o t  o u t  o f  
t h e  way when i t  i s  n o t  i n  use. E l e v a t i o n  v iews of t h e  M e t e r i n g  Chamber 
and t h e  Guard Chamber, which a r e  l o c a t e d  immediate ly  below t h e  C l ima te  
Chamber, a r e  a l s o  shown i n  F i g .  6 and w i l l  be d i scussed  i n  Sects.  2.2.3 
and 2.2.4. 
LSCS i s  a t t a c h e d  as Appendix B. 

The f o u r  f i r e  s p r i n k l e r  

Other  m isce l l aneous  f e a t u r e s  o f  t h e  C l ima te  Chamber a r e  d e s c r i b e d  

A l - m  wide x 2.1-m h i g h  ( 3 - f t  w ide x 7 - f t  

A complete l i s t  o f  a l l  eng inee r ing  drawings r e l a t e d  t o  t h e  
These drawings a r e  on f i l e  a t  t h e  RRC. 

2.2.2.1 HVAC des iqn  

The C l ima te  Chamber r e f r i g e r a t i o n  system i s  shown i n  F i g .  7. T h i s  
two-stage system uses r e f r i g e r a n t  502 (an R-2UR-115 azeotrope) t o  o b t a i n  
temperatures as low as -4OOC (-40°F) i n  t h e  chamber. 
p e r a t u r e s  down t o  -18OC (OOF), o n l y  one stage (75 hp) o f  r e f r i g e r a t i o n  i s  
needed. 
h i g h  due t o  t h e  des ign  requi rement  o f  m a i n t a i n i n g  -4OOC (-40°F) w i t h  t h e  
h e a t i n g  lamp system i n  o p e r a t i o n .  The h i g h  r e f r i g e r a t i o n  c a p a c i t y  a l s o  
p e r m i t s  down-ramping o f  temperatures w h i l e  removing t h e  s t o r e d  energy 
assoc ia ted  w i t h  t h e  r e l a t i v e l y  massive s t e e l  D i a g n o s t i c  P l a t f o r m s  and 
r e l a t e d  r o o f  t e s t  specimens w i t h i n  t h e  chamber. 
f o r  t h e  f o l l o w i n g  l i v e  loads:  

For o p e r a t i n g  tem- 

The combined compressor motor  power f o r  b o t h  stages i s  r e l a t i v e l y  

The system was des igned 

I n f r a r e d  lamps 
I n t e r n a l  l i g h t i n g  
Wal l  l osses  
Losses across r o o f  specimen 
A i r  b lower  energy i n p u t  
S u b t o t a l  
10% s a f e t y  f a c t o r  
T o t a l s  

kW 
56.1 

1.6 
1.6 
2.4 

3.0 
64.7 

6.5 
71.2 

Btu/h 
191,500 

5,460 
5,400 
8,030 

10,180 
220,570 

22,000 
242,570 
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The above l i v e  l oads  exceed t h e  dynamic l oads  f o r  downward temperature 
ramps and, thus,  a r e  t h e  govern ing l oads  i n  t h e  des ign.  F i g u r e  8 shows 
t h e  c a l c u l a t e d  performance o f  t h e  two-stage r e f r i g e r a t i o n  system assuming 
46OC (115OF) c o o l i n g  a i r  f o r  t h e  outdoor  condenser. 

An e l e c t r i c  h e a t e r  i s  p r o v i d e d  i n  t h e  C l ima te  Chamber t o  meet t h e  
des ign  requi rement  o f  ramping t h e  chamber temperature f rom -40 t o  66OC 
(-40 to 150OF) i n  2 h; a 480-V, 42-kW h e a t e r  p r o v i d e s  t h i s  c a p a b i l i t y .  
The h e a t e r  i s  des igned w i t h  two stages t o  p r o v i d e  b o t h  t h e  maximum capa- 
b i l i t y  f o r  upward temperatures ramps as w e l l  as t h e  f i n e  c o n t r o l  a t  low 
loads.  One stage o f  t h e  hea te r  i s  18 kW w i t h  o f f - o n  c o n t r o l  and no modu- 
l a t i o n ,  
c o n t r o l l e d  r e c t i f i e r  t o  p r o v i d e  a d j u s t a b l e  power c o n t r o l  as needed. The 
e l e c t r i c  h e a t e r  i s  a bare-wi re Nichrome h e a t i n g  element t h a t  p r o v i d e s  low 
mass and q u i c k  response. The h e a t e r  i s  l o c a t e d  p h y s i c a l l y  j u s t  above t h e  
main expansion c o i l  w i t h i n  t h e  C l ima te  Chamber; however, i t  i s  downstream 
o f  t h e  expansion c o i l  i n  r e l a t i o n  t o  t h e  d i r e c t i o n  o f  a i r  f l o w .  

over  t h e  dew p o i n t  range f rom 3 t o  5OoC (37 t o  122OF). 
p o i n t  l i m i t  was s e t  p r i m a r i l y  by economics because t h i s  was t h e  l o w e s t  
p r a t i c a l  va lue  f o r  a condensing d e h u m i d i f i c a t i o n  system u s i n g  r e f r i g e r a n t  
c o o l i n g  c o i l s .  I f  f u t u r e  exper imenta l  programs r e q u i r e  lower  dew p o i n t  
l i m i t s ,  i t  w i l l  be necessary t o  add some t y p e  o f  d e s i c c a n t  d r y e r  t o  t h e  
LSCS. 

The remain ing 24 kW i s  c o n t r o l l e d  by a z e r o - f i r e d  s i l i c o n  

The C l ima te  Chamber h u m i d i f i c a t i o n  system p r o v i d e s  h u m i d i t y  c o n t r o l  
The lower  dew 

The c a p a c i t y  o f  t h e  h u m i d i f i c a t i o n  system was based on t h e  s p e c i f i e d  
maximum leakeage r a t e  o f  t h e  C l ima te  Chamber, 1.1 m3/kW (40  cfm), p l u s  an 
a r b i t r a r i l y  assumed l e a k  r a t e  o f  0.42 m3/min (15  cfm) th rough  a r o o f  t e s t  
assembly (e .g . ,  a permeable r o o f  p e n e t r a t i o n ) .  Therefore,  an 18-kW 
Sussman Model ES-18 e l e c t r i c  b o i l e r  was s e l e c t e d  t h a t  s u p p l i e s  steam t o  
b o t h  t h e  C l ima te  Chamber and Guard Chamber, as r e q u i r e d .  The b o i l e r  can 
supp ly  up t o  27 kg/h (60 l b / h )  o f  steam, i f  needed. 
on an equipment s k i d  t h a t  i s  l o c a t e d  a l o n g  t h e  sou th  w a l l  o f  t h e  p i t  i n  
B l d g .  3144. Vapor f rom t h e  b o i l e r  i s  i n j e c t e d  i n t o  t h e  C l ima te  Chamber 
th rough  a s e r i e s  o f  o r i f i c e s  t h a t  a r e  l o c a t e d  j u s t  above t h e  42-kW hea te r .  
To p r e v e n t  any wa te r  d r o p l e t s  on t h e  bare-wi re e l e c t r i c  hea te r ,  t h e  nozz le  

The b o i l e r  i s  mounted 
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F ig .  8. Ca lcu la ted  performance o f  t h e  two-stage r e f r i g e r a t i o n  
system f o r  t h e  C l imate  Chamber. Source: V i s t a  S c i e n t i f i c  Corpora t ion .  
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Fig. 9. The compressors and air-cooled condenser for the Climate Chamber 
are located outside Building 3144. 
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header is specially designed so that incoming steam preheats the outlet 
orifices and drains away resulting condensate through a steam trap, as 
required. 
section of this report. 

installed on an outdoor pad at the south end of the building as shown in 
Fig. 9. Noise level measurements of 90 dBA have been observed inside the 
metal enclosure with both compressors in  operation. Therefore, ORNL 
safety requirements dictate that protective earmuffs be worn during main- 
tenance or operational exposure inside the enclosure. 
signs about ear protection have been mounted on the exterior of the 
compressor enclosure. Figure 10 is a closeup of the compressors after 
extended operation and shows the frost pattern to be expected during 
normal operation. 

is also mounted on the outdoor pad beside the compressor skid as shown in 
Fig. 9. 
air upwards. The fans are automatically energized in pairs from pressure 
switches on the condenser di scharge 1 i ne. 

systm follows: 

The steam injection systems are shown schematically in a later 

The two-stage compressors are mounted on an enclosed skid that is 

Required warning 

The air-cooled condenser for the Climate Chamber refrigeration system 

The condenser i s  forced-air cooled by eight fans that discharge 

A summary of the design features for the Climate Chamber refrigeration 

e Two-stage compound R-502 system with capability to 
run one stage only at temperatures above -18OC ( O O F )  
Oil separator with oil level control system 
Air-cooled condenser 
Interstage heat exchanger for liquid subcooling 
100% unloading with hot-gas by-passing 
Automatic defrost on main cooling coil using 
electric heaters and electric timer control 
Liquid desuperheat on each stage of compression 
High and low refrigerant pressure safety switches 
Oil pump pressure safety switches 
Suction-line accumulator 
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M u l t i p l e  c i r c u i t  evapora tor  f o r  v a r y i n g  c a p a c i t y  
D e h u m i d i f i c a t i o n  c o i l s  w i t h  an expansion pressure  
r e g u l a t o r  s e t  a t  O°C ( 3 2 O F )  f o r  h u m i d i t y  c o n t r o l  
Expansion r e g u l a t o r  by-pass on t h e  d e h u m i d i f i c a t i o n  
c o i l s  f o r  r a p i d  mo is tu re  removal 
Two a i r  f l o w  r a t e s  a r e  a v a i l a b l e  over  t h e  expansion 
c o i l  depending on t e s t  requ i rements  o r  t h e  r e f r i g e r a t i o n  
1 oad 

2 .2 .2 .2  Rain system des iqn  

The r a i n  system was d e f e r r e d  d u r i n g  i n i t i a l  c o n s t r u c t i o n  due t o  
fund ing  l i m i t a t i o n s .  The r a i n  system was chosen f o r  d e f e r r a l  because 
t e s t s  r e q u i r i n g  s imu la ted  r a i n f a l l  d i d  n o t  appear t o  be o f  h i g h e s t  
p r i o r i t y  d u r i n g  i n i t i a l  o p e r a t i o n  o f  t h e  LSCS. There fore ,  t h i s  s e c t i o n  
d e a l s  o n l y  w i t h  t h e  proposed i n s t a l l a t i o n  o f  t h e  r a i n  s i m u l a t i o n  system 
and n o t  t h e  a c t u a l  hardware. However, t h e  d ra inage  system f o r  water  remo- 
v a l  was i n s t a l l e d  because o f  t h e  d i f f i c u l t y  o f  r e t r o f i t t i n g  t h i s  p i p i n g  
system i n t o  t h e  f i b e r g l a s s - c o a t e d  f l o o r  o f  t h e  C l ima te  Chamber. 
d ra inage  system p i p i n g  c a r r i e s  t h e  s imu la ted  r a i n w a t e r  t o  t h e  s to rm d r a i n  
system v i a  a f l o o r  d r a i n  i n  t h e  p i t  and i s  ready t o  use. The remainder  o f  
t h e  r a i n  s i m u l a t i o n  system w i l l  be i n s t a l l e d  as t h e  LSCS t e s t  program 
develops a funded need f o r  i t . 

The 

The r a i n  system, as now env is ioned,  i s  p lanned t o  s imu la te  p r i m a r i l y  
shor t - te rm thermal  e f f e c t s  on r o o f i n g  systems; f o r  example, a c o l d  r a i n  
f a l l i n g  on a r e l a t i v e l y  warm r o o f  su r face  o r  t h e  reve rse .  
d i t i o n s  would be o f  i n t e r e s t  i n  e v a l u a t i n g  thermal  s t resses  i n  t h e  mem- 
branes o f  t y p i c a l  r o o f  systems. The r a i n  system i s  not planned t o  s imu la te  
long- te rm ag ing  e f f e c t s  i n  accordance w i t h  t h e  o v e r a l l  o b j e c t i v e s  o f  t h e  
LSCS. There fore ,  o n l y  t a p  wa te r  i s  used t o  supp ly  t h e  system. No 

a t tempts  a r e  p lanned t o  s imu la te  c o n d i t i o n s  such as a c i d  r a i n  w i t h i n  t h e  
C l ima te  chamber. 

These con- 

The r a i n  system i s  shown schemat ica ly  i n  F i g .  11 and i s  t o  be a 
"batch"  system i n  which 1.1 m3 (300 g a l )  o f  t a p  wa te r  w i l l  be c o n d i t i o n e d  
t o  t h e  d e s i r e d  r a i n  temperature and then  i n t r o d u c e d  i n t o  t h e  chamber w i t h  
a c e n t r i f u g a l  pump. The pump i s  t o  be l o c a t e d  a t  t h e  bo t tom o f  t h e  p i t  t o  
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F i g .  11. Schematic drawing of  t h e  r a i n  system f o r  t h e  C l imate  Chamber. 
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p r o v i d e  adequate n e t  p o s i t i v e  s u c t i o n  head. Rain wa te r  temperatures w i l l  
range from 4 t o  38OC (40 t o  100°F), and r a t e s  w i l l  range f rom 0.5 t o  
13 cm/h (0 .2  t o  5 i n . /h )  on t h e  r o o f  t e s t  su r face .  T h i s  i s  e q u i v a l e n t  t o  

t a n k  w i l l  
n f a l l  r a t e ,  

a f l o w  r a t e  o f  1 .3  t o  32 L/min (0.34 t o  8 . 4  gpm). The supply  
p r o v i d e  35 min o f  r a i n  a t  t h e  maximum r a t e .  A t  t h e  l owes t  r a  

t h e  supply  t a n k  wa te r  would be adequate f o r  14 h o f  o p e r a t i o n  
The r o o f  t e s t  su r face  can be covered w i t h  spray f rom a s 

which i s  p i v o t e d  o u t  f rom t h e  chamber w a l l  ove r  t h e  c e n t e r  o f  
n g l e  nozz le ,  
t h e  r o o f  

t e s t  specimen. The p r e s e n t  des ign  c a l l s  f o r  s e l e c t i o n  and manual 
i n s t a l l a t i o n  o f  one o f  t h r e e  nozz les  t o  g e t  u n i f o r m  spray coverage, 
depending on t h e  r a i n f a l l  r a t e  d e s i r e d .  A l t e r n a t i v e l y ,  i f  i t  i s  mandatory 
t o  have t h e  f u l l  range o f  r a i n f a l l  a v a i l a b l e  w i t h o u t  e n t e r i n g  t h e  chamber, 
a l l  t h r e e  nozz les  and t h e i r  i n d i v i d u a l  rubber  supply  l i n e  hoses c o u l d  be 
i n s t a l l e d  i n i t i a l l y  w i t h i n  t h e  p i v o t a b l e  arm. Then r a i n  wa te r  c o u l d  be 
i n t r o d u c e d  remote l y  and/or a u t o m a t i c a l l y  t o  any o f  t h e  t h r e e  nozz les  by 

s w i t c h i n g  e x t e r n a l  s o l e n o i d  v a l v e s  such as SV-16 i n  F i g .  11. 
The spray nozz les  s p e c i f i e d  a r e  s u p p l i e d  by Spray ing Systems Company 

and a r e  des igned as " F u l l j e t "  wide-angle s t a i n l e s s  s t e e l  spray nozz les,  
The nozz les  s i z e s  r e q u i r e d  a r e  1/8 GG, 4.3 W ;  1/4 GG, 14 W ;  and 1/2 GG, 
35 W t o  cover  t h e  des ign  f l o w  r a t e  range. 
d a t a  i s  shown i n  Table 3. 

A t a b u l a t i o n  o f  spray coverage 

Table 3. Spray nozz le da ta  

F1 ow c a p a c i t y  Operat ing Spray coverage 
Nozzle No. range pressure range d iameter  

L/mi n gPm MPa Ps ig  rn f t  

1/8 GG 4.3 W 1.6-4.2 0.43-1.1 0.17-0.65 10-80 3.07-3.7 10-12 
1/4 GG 14 W 3.8-13.3 1.0-3.5 0.14-0.65 5-80 2.9-4.1 9 .5-13 . 5  
1/2 GG 35 W 9.9-21.7 2.6-5.7 0.14-0.65 5-80 3.2-4.4 10.5-14.5 

~~ ~ ~~~~ ~ 

The p i v o t a b l e  arm and i t s  r e l a t e d  p i p i n g  w i t h i n  t h e  C l ima te  Chamber 
must be p r o t e c t e d  f rom b e i n g  f r o z e n  when f u l l  o f  wa te r .  That  i s  t h e  pu r -  
pose o f  SV-17 ( F i g .  11) which w i l l  be used t o  d r a i n  t h e  wa te r  whenever 
t h e  C l ima te  Chamber temperature approaches t h e  f r e e z i n g  p o i n t  o f  wa te r .  
T h i s  f u n c t i o n  may be automated, i f  d e s i r e d ,  v i a  t h e  computer ized c o n t r o l  
system. 
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Water t r a p s  a r e  shown i n  t h e  two r a i n  system d r a i n  l i n e s  t h a t  e x i t  
t h e  C l ima te  Chamber i n  F i g .  11. The C l imate  Chamber may be opera ted  a t  
any des ign  pressure  l e v e l  f rom 1.44 kPa (5.8 i n .  wa te r  gage) be low 
atmospher ic  p ressure  t o  1.24 kPa (5.0 i n .  water  gage) above atmospher ic  
p ressure  and s t i l l  p r o v i d e  dra inage a u t o m a t i c a l l y  because o f  these t r a p s .  
The t r a p s  must be o f  s iphon-break ing des ign  so t h a t  t h e y  w i l l  always 
r e t a i n  some wa te r  f o r  s e a l i n g  o f  p o t e n t i a l  d i f f e r e n t i a l  o p e r a t i n g  
pressures  w i t h i n  t h e  C l imate  Chamber. 

Some second-hand equipment f o r  t h e  r a i n  system i s  s t o r e d  w i t h i n  
B ldg .  3144 f o r  f u t u r e  use. 
wa te r  h e a t i n g  system were ob ta ined  ( s u r p l u s  equipment f rom another  ORNL 
program) t o  p r o v i d e  t h e  r a i n  water  temperature c o n t r o l  f o r  t h e  LSCS. The 
wa te r  c h i l l e r  i s  a p o r t a b l e  35-kW (10-ton) u n i t  w i t h  R-22 r e f r i g e r a n t  and 
a l s o  i n c l u d e s  a 1.1-kW (1.5-hp) c e n t r i f u g a l  wa te r  pump t o  c i r c u l a t e  
b r i n e  t o  t h e  h e a t  exchanger c o i l  l o c a t e d  w i t h i n  t h e  b a t c h  t a n k  o f  t h e  r a i n  
system. The e l e c t r i c  hea te r  i s  r a t e d  a t  10-kW, 460-V, 3-phase, and 
a l s o  has an i n t e g r a l  b r i n e  c i r c u l a t i o n  pump. Bo th  t h e  c h i l l e r  and hea te r  
were manufactured by Moyer R e f r i g e r a t i n g  Engineers,  I n c . ,  Paramus, New 
Jersey .  Vendor c a t a l o g  d a t a  and equipment d e s c r i p t i o n s  a r e  on f i l e  i n  t h e  
LSCS equipment c a t a l o g  f i l e s  f o r  f u t u r e  use. 

Both a wa te r  c h i l l i n g  system and an e l e c t r i c  

A l l  p i p i n g ,  pumps, tanks,  and va l ves  f o r  t h e  r a i n  system w i l l  be r u s t  
p roo fed  t o  reduce f o u l i n g  o f  t h e  nozz les  o r  d i s c o l o r i n g  o f  t h e  t e s t  r o o f  
sur faces .  A l l  equipment w i l l  be t h e r m a l l y  i n s u l a t e d  because t h e  lower  
o p e r a t i n g  temperature l i m i t  o f  4 O C  (4OOF) c o u l d  cause mo is tu re  
condensat ion problems f rom t h e  a i r  w i t h i n  t h e  b u i l d i n g .  

2.2.2.3 I n f r a r e d  h e a t i n q  lamp system des iqn  

The i n f r a r e d  h e a t i n g  lamp system i s  des igned t o  p r o v i d e  t y p i c a l  s o l a r  
thermal  e f f e c t s  on t h e  t e s t  r o o f  su r face  and can be a u t o m a t i c a l l y  
c o n t r o l l e d  t o  s imu la te  d i u r n a l  c y c l i n g .  
169 i n f r a r e d  lamps mounted on 30-cm (12- in . )  c e n t e r s  on t h e  c e i l i n g  o f  t h e  
C l ima te  Chamber as shown i n  F i g .  12. One removable lamp s e c t i o n  p rov ides  
access f o r  t h e  overhead c rane th rough t h e  r o o f  door .  

A computer ized c a l c u l a t i o n  was performed t o  e s t a b l i s h  a d i s t r i b u t i o n  
o f  a v a i l a b l e  lamp wat tage s i z e s  so t h a t  a u n i f o r m  energy f l u x  hea ts  
t h e  membrane sur face .  
i n d i c a t e d  by i t e m  5 o f  Appendix A.) 

The energy source i s  a bank o f  

( T h i s  c a l c u l a t i o n  i s  on f i l e  a t  B ldg.  3114 as 
Manufac turer ' s  d a t a  on energy 
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d i s t r i b u t i o n  f o r  t h e  12.7-cm-diam ( 5 - i n . )  120-V h e a t i n g  lamps were used 
i n  t h i s  procedure.  The end r e s u l t  i s  a lamp placement p a t t e r n  i n  which 
n i n e  125-W lamps a r e  i n  t h e  c e n t e r  o f  t h e  g r i d  w i t h  f o r t y  250-W lamps 
surrounding t h e  c e n t r a l  n ine .  The remain ing 120 lamps a r e  each 375-W and 
a r e  i n  t h e  t h r e e  rows a t  t h e  o u t e r  p e r i m e t e r .  T h i s  arrangement i s  
expected t o  produce a u n i f o r m  h e a t  f l u x  ove r  t h e  e n t i r e  M e t e r i n g  Chamber 
area b u t  t h e  heat  f l u x  w i l l ,  o f  course, be somewhat lower  a t  t h e  o u t e r  
p e r i m e t e r  o f  t h e  Guard Chamber area. The v o l t a g e  o f  a l l  lamps w i l l  be 
v a r i e d  s imu l taneous ly  by t h e  c o n t r o l  system t o  p r o v i d e  hea t  f l u x e s  f rom 0 
t o  1000 W/m2 (0  t o  340 B t u / h . f t 2 )  a t  t h e  membrane sur face.  The lamp f i x -  
t u r e s  have p i v o t a b l e  bases so h e a t  f l u x  v a r i a t i o n s  a t  t h e  membrane sur-  
face,  i f  r e q u i r e d ,  can be ob ta ined  by t i l t i n g  t h e  lamps. A lso,  r e f l e c t o r s  
c o u l d  be used a t  t h e  p e r i m e t e r  o f  t h e  r o o f  t e s t  specimen t o  f u r t h e r  
improve f l u x  p a t t e r n s .  

The e l e c t r i c  schematic one - l i ne  diagram o f  t h e  power supply  system 
f o r  t h e  i n f r a r e d  h e a t i n g  lamp i s  shown i n  F ig .  13. The s i l i c o n e  c o n t r o l l e d  
r e c t i f i e r  (SCR) c o n t r o l l e r  i s  480-V, 3-phase, 90-A c a p a c i t y ,  and i s  phase- 
angle f i r e d .  Zero f i r i n g  was o r i g i n a l l y  p r e f e r r e d  due t o  l e s s  p o t e n t i a l  
f o r  e l e c t r o n i c  n o i s e  g e n e r a t i o n  i n  t h e  d a t a  a c q u i s i t i o n  system. However, 
d u r i n g  t h e  des ign  o f  t h e  system i t  was d i scove red  t h a t  t h e  lamp f i l a m e n t s  
have reduced l i f e t i m e s  under ze ro  f i r i n g .  Therefore,  phase f i r i n g  was 
s e l e c t e d .  

The i n f r a r e d  h e a t i n g  lamp system i s  d e s c r i b e d  by t h r e e  Energy Systems 

eng ineer ing  drawings l i s t e d  here f o r  r e f e r e n c e  purposes: E3E 21188 - 
D007, E3D 21188 - D008, and E3C 21188 - D009. The des ign  r e q u i r e s  30 
i n d i v i d u a l  120-V c i r c u i t s  t o  c a r r y  t h e  169 lamps. The lamps a r e  d i s t r i b -  
u t e d  among t h e  c i r c u i t s  so t h a t  u n i f o r m  l o a d i n g  o f  t h e  3-phase power 
supply  i s  obta ined.  

When f n s t a l l a t i o n  o f  t h e  l i g h t i n g  system i s  complete, f i e l d  t e s t s  
w i l l  be made t o  demonstrate t h e  h e a t  f l u x  d i s t r i b u t i o n  a t  t h e  membrane 
su r face .  An ins t rumen ted  f i e l d  t e s t  must be made t o  assure t h a t  t h e  
s p r i n k l e r  nozz les  w i t h i n  t h e  C l ima te  Chamber w i l l  n o t  be overheated d u r i n g  
h i g h  temperature o p e r a t i o n  o f  t h e  C l ima te  Chamber and t h e  i n f r a r e d  h e a t i n g  
system. 

2.2.2.4 Pressur iza t ion /evacuat ion  system des iqn  

The C l ima te  Chamber i s  designed t o  be opera ted  f rom pressures 
s l i g h t l y  above t o  s l i g h t l y  below atmospher ic pressure,  as r e q u i r e d .  The 
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purpose of operating below atmospheric pressure is to provide vacuum 

uplift loading to simulate dynamic wind uplift forces. 
used fn the industry provides as much as 1.44 kPa (30 lb/ft’) of vacuum 
uplift. Therefore, the chamber was designed to provide this same test con- 
dition over the entire roof test specimen surface within the Climate Chamber 
In addition, it is anticipated that the ability to operate at any desired 
pressure level below the maximum may have value in conducting future 
exfiltration tests on some specimens, Likewise, the Climate Chamber can be 

operated at positive pressures up to 1.24 kPa (26 lb/ft2) loading for use in 
infiltration studies or, for example, to simulate loading on compressible 

roof insulation materials. 

A standard roof test 

The pressurization or evacuation of the chamber is produced by a 

single centrifugal air blower with three automatically controlled valves 
that can connect the pump suction or pump discharge to the Climate 
Chamber to provide positive or negative pressures as needed. 
control system is designed to maintain the desired pressure level within 
+5 Pa (50.02 in. water gage). 

The pressure 

The blower was manufactured by Cincinnati Fan and Ventilator Company, 
Cincinnatj, Ohio, model PB-9, 26-cm (10.25-in.) wheel diameter operating at 

3450 rpm ar;d driven by a 0.56-kW (3/4-hp) electric motor. 

performance data for the blower are shown in Table 4 .  
Some typical 

Table 4 .  Performance data for the pressurization/ 
evacuation blower on the Climate Chamber 

Static differential pressure Flow rate Power - 
kPa inches of m3/m cfm kW hP 

water gage 

0.75 
1.0 
1.24 
1.5 

3 11.4 403 0.34 0.46 
4 9.8 347 0.31 0.42 
5 8.0 284 0.29 0.39 
6 5.9 210 0.25 0 . 3 3  

The piping material for the pressurization/evacuation system is 10-cm 
(4-in. pipe-size) polyvinyl chloride. The control valves are DeZurich 
”Figure 660” butterfly valves with resilient seats and pneumatic 
actuators. A photograph of the blower and control valves is shown in 
Fig. 14. 
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Fig. 14. The blower and control valves of the pressurization/ 
evacuation system for the Climate Chamber. 
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The p r e s s u r i z a t i o n  b lower  has an a u x i l i a r y  f u n c t i o n  f o r  use i n  
p u r g i n g  t h e  C l ima te  Chamber wi th  f r e s h  a i r  i n  any f u t u r e  s i t u a t i o n  where 
ou tgass ing  o f  a membrane may have occu r red  d u r i n g  opera t i on ,  p a r t i c u l a r l y  
a t  t h e  h i g h e r  o p e r a t i n g  temperatures up t o  93OC (ZOOOF). 
p o s s i b l e  a i r  contaminants,  t h e  va l ves  on t h e  b lower  would be p o s i t i o n e d  t o  
f o r c e  f r e s h  a i r  i n t o  t h e  southeas t  co rne r  o f  t h e  C l ima te  Chamber w h i l e  t h e  
a i r  i s  vented f rom an exhaust v a l v e  l o c a t e d  a t  t h e  sbuthwest co rne r  o f  t h e  
chamber r o o f  and d ischarged o u t s i d e  o f  Bldg. 3144. 
p r o v i d e d  t o  ensure h e a l t h f u l  c o n d i t i o n s  w i t h i n  t h e  chamber p r i o r  t o  
occupancy by t h e  opera to rs .  Opera t ion  o f  t h e  b lower  d u r i n g  acceptance 
t e s t s  o f  t h e  chamber demonstrated t h a t  t h e  purge system can p r o v i d e  up t o  
0.2 m3/s (394 cfm) o f  p u r g i n g  a i r  t h rough  t h e  chamber. There fore ,  t h e  
C l ima te  Chamber a i r  volume c o u l d  be exchanged about once every  10 min. 

C l imate  Chamber i s  mon i to red  by a hydrocarbon d e t e c t o r .  An a la rm w i l l  
sound i f  s i g n i f i c a n t  l e v e l s  o f  hydrocarbons a r e  de tec ted .  
t h e  d e t e c t o r  a r e  mounted on t h e  e x t e r i o r  o f  t h e  C l ima te  Chamber near t h e  
personnel  access door a t  t h e  southwest co rne r  o f  t h e  chamber. 

To remove 

T h i s  f e a t u r e  was 

Outgass ing o f  membranes, bitumens, adhesives, e tc . ,  w i t h i n  t h e  sea led  

The alarms and 

2.2.2.5 Support  system f o r  t h e  r o o f  t e s t  specimens 

The combined we igh t  o f  t h e  D i a g n o s t i c  P l a t f o r m  and r o o f  t e s t  specimen 
i s  supported by e i g h t  s t e e l  columns t h a t  a r e  l o c a t e d  below t h e  C l imate  
Chamber and w i t h i n  t h e  Guard Chamber. 
P l a t f o r m  and r o o f  t e s t  specimen i s  t r a n s m i t t e d  th rough t h e  f l o o r s  o f  b o t h  
t h e  C l ima te  and Guard Chambers by s o l i d  wood i n s e r t s  w i t h i n  t h e  f l o o r s .  
Below t h e  Guard Chamber f l o o r ,  t h e  l o a d  i s  t r a n s m i t t e d  th rough  t h e  s t e e l  
I-beams and a s t e e l  suppor t  g r i d  d i r e c t l y  t o  t h e  h e a v i l y  r e i n f o r c e d  
conc re te  f l o o r  o f  t h e  p i t .  

The l o a d  on t h e  suppor t  columns w i l l  u s u a l l y  be a compression l o a d  
whenever t h e  specimens, we igh ing  up t o  80 kN (18,000 lb), a r e  i n s t a l l e d .  
However, t h e  suppor t  columns a r e  a l s o  des igned t o  t a k e  some t e n s i l e  
l o a d i n g  f o r  a n o n t y p i c a l  s i t u a t i o n  i n  which a r e l a t i v e l y  l i g h t w e i g h t  
roo f  specimen m igh t  be sub jec ted  t o  a vacuum u p l i f t  t e s t  a t  1.44 kPa 
(30 lb / f t * ) .  

The we igh t  o f  t h e  D i a g n o s t i c  

I n  such a t e s t ,  t h e  u p l i f t  f o r c e  a c t i n g  on t h e  t e s t  specimen 

e 

I 



37 

can reach about 21 kN (4800 lb )  o f  f o rce ,  which c o u l d  l e v i t a t e  a l i g h t -  
w e i g h t  t e s t  p i e c e  i f  n o t  r e s t r a i n e d .  I n  f a c t ,  t h i s  s i t u a t i o n  was a n t i c i -  
p a t e d  and occur red  d u r i n g  acceptance t e s t i n g  of t h e  chamber w i t h  t h e  dummy 
r o o f  t e s t  specimen i n s t a l l e d .  

t h e  t o p  o f  t h e  column. 
D i a g n o s t i c  P l a t f o r m  i n t o  t h e  p r o p e r  l o c a t i o n  as i t  i s  lowered i n t o  
p o s i t i o n  i n  t h e  C l imate  Chamber by t h e  overhead crane.  
p i n s  and an i n t e g r a l  shoulder,  which bears  t h e  load,  a r e  v e r t i c a l l y  
a d j u s t a b l e  f rom w i t h i n  t h e  C l imate  Chamber by means o f  a threaded s h a f t .  
F igu re  15 shows two o f  t h e  e i g h t  suppor t  p o i n t s  p r i o r  t o  t h e i r  i n s t a l l a t i o n  
on t h e  f l o o r  o f  t h e  C l imate  Chamber. The v e r t i c a l  ad justment  i s  needed t o  
account f o r  manufac tur ing  t o l e r a n c e s  i n  b o t h  t h e  chamber and t h e  D i a g n o s t i c  
P la t fo rm.  
t h r e a d  p r o t e c t o r  cap removed. 
D i a g n o s t i c  P l a t f o r m  has been lowered i n t o  p o s i t i o n  w i t h i n  t h e  C l imate  
Chamber f o r  t h e  s p e c i a l  cases where p o s i t i v e  hold-down o f  t h e  D i a g n o s t i c  
P l a t f o r m  i s  r e q u i r e d  due t o  l a r g e  pressure  d i f f e r e n t i a l s  across t h e  t e s t  
r o o f  membrane. 
f l a t  washer and hex n u t s  t o  p r o v i d e  t h e  hold-down c a p a b i l i t y .  

Each o f  t h e  e i g h t  suppor t  columns has a tapered p i n  l o c a t e d  a t  
T h i s  p i n  w i l l  a i d  i n  g u i d i n g  t h e  r a t h e r  massive 

These tapered 

F igu re  15 a l s o  shows one o f  t h e  suppor t  p i n s  w i th  t h e  tapered 
T h i s  cap would be removed only a f t e r  t h e  

I n  t h i s  case t h e  p r o t e c t i v e  caps would be r e p l a c e d  by a 

2.2.3 Meter inq  Chamber Desiqn 

The M e t e r i n g  Chamber i s  a one-piece molded s h e l l  w i t h  i n t e r i o r  a i r  
c o n d i t i o n i n g  dev ices  and a v e r t i c a l l y  a d j u s t a b l e  p o s i t i o n i n g  system t h a t  
r a i s e s  o r  lowers  t h e  chamber ( F i g .  6). 
accordance w i t h  t h e  requ i rements  o f  ASTM Des ignat ion  C236: "Standard Tes t  
Method f o r  Steady-State Thermal Performance of B u i l d i n g  Assemblies by 
Means o f  a Guarded Hot  Box." 
Chamber was d e s c r i b e d  i n  Sect.  2.2.1. 

The chamber i s  des igned i n  

The w a l l  c o n s t r u c t i o n  of t h e  M e t e r i n g  

Dur ing  guarded hot-box opera t i on ,  t h e  M e t e r i n g  Chamber i s  h e l d  i n  
p o s i t i o n  a g a i n s t  t h e  lower  s ide  o f  t h e  r o o f  t e s t  specimen by a commer- 
c i a l l y  manufactured h y d r a u l i c  operated X-frame l i f t i n g  t a b l e  ( F i g .  16). 
A pendant c o n t r o l  i s  l o c a t e d  w i t h i n  t h e  Guard Chamber so t h a t  t h e  opera- 
t o r s  can view t h e  l i f t i n g  o p e r a t i o n  d i r e c t l y  as t h e  Meter ing  Chamber's 
rubber  sea ls  make c o n t a c t  w i t h  t h e  unders ide of t h e  r o o f  specimen. 
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D 

Spec ia l  mechanical l o c k s  a r e  i n s t a l l e d  manual ly  t o  l o c k  t h e  t a b  
r a i s e d  p o s i t i o n  t o  p rec lude  any downward d r i f t  o f  t h e  h y d r a u l i c  
d u r i n g  pro longed t e s t  pe r iods .  

When t h e  Me te r ing  Chamber i s  n o t  i n  use, i t  may be lowered 
Guard Chamber c u r b  by t h e  h y d r a u l i c  l i f t i n g  t a b l e  t o  make room 
c i r c u l a t i o n  below an unguarded r o o f  t e s t  specimen o r  t o  p r o v i d e  

e i n  t h e  
tab1  e 

b e l  ow t h e  
o r  a i r  
space f o r  

o t h e r  exper imenta l  apparatus.  
p o s i t i o n ,  t h e  v e r t i c a l  d i s t a n c e  f rom Guard Chamber c u r b  t o  t h e  t o p  o f  t h e  
double-P sea l  on t h e  Me te r ing  Chamber i s  0.58 m (23 in.) .  The h y d r a u l i c  
l i f t  t a b l e  has t h e  c a p a b i l i t y  t o  r a i s e  t h e  M e t e r i n g  Chamber c o n s i d e r a b l y  
more than  0.58 m t o  e f f e c t  double-P gasket  s e a l i n g  as r e q u i r e d  on t h e  
l ower  s u r f a c e  i n  f u t u r e  t e s t s .  

When t h e  t a b l e  i s  i n  t h e  f u l l y  lowered 

A d i r e c t  c u r r e n t  (dc) v a r i a b l e  speed fan  motor  p rov ides  v a r i a b l e  a i r  

A i r  v e l o c i t y  i n  t h i s  same r e g i o n  may be f u r t h e r  a d j u s t e d  by 
f l o w  r a t e s  a long  t h e  unders ide  o f  t h e  r o o f  t e s t  specimen as shown i n  
F i g .  17. 
v e r t i c a l  movement o f  t h e  h o r i z o n t a l  a i r  b a f f l e  by means o f  manua l ly  
opera ted  handwheels t o  a d j u s t  f o u r  separate screwjacks.  
remote l y  c o n t r o l l e d  a t  speeds up t o  3000 rpm t o  p r o v i d e  measured a i r  f l o w  
r a t e s  up t o  about 0.29 m3/s (605 cfm). D i r e c t  c u r r e n t  e l e c t r i c  power f o r  
t h e  a i r  c i r c u l a t i o n  fan  was chosen t o  p r o v i d e  p r e c i s e  power measurement as 
t h e  f a n  speed i s  va r ied .  The s e r v o c o n t r o l l e r  f o r  t h e  dc motor  was manu- 
f a c t u r e d  by I n f r a n o r ,  I n c . ,  model 90/10/20, and i s  r a t e d  a t  90-V o u t p u t  
and 10-A cont inuous  load.  The f a n  motor  was a l s o  manufactured by 
I n f r a n o r ,  I n c . ,  and i s  a M a v i l o r  Motor  model MO 300 T wi th  i n t e g r a l  tacho- 
meter. 
p u t  o f  400 W wi th  an e f f i c i e n c y  o f  about  82%. 

A i r  f rom t h e  f a n  i s  d i scha rged  upward i n t o  t h e  d i f f u s e r  and f l o w s  
h o r i z o n t a l l y  under t h e  r o o f  t e s t  specimen t o  two d i scha rge  s l o t s  a t  t h e  
o t h e r  end. The a i r  t hen  r e t u r n s  t o  t h e  f l o o r  o f  t h e  Me te r ing  Chamber, 
f lows upward th rough  a c h i l l e d  water  c o i l ,  and then f l o w s  th rough  a dc 
powered e l e c t r i c  h e a t e r  t o  r e t u r n  t o  t h e  s u c t i o n  s i d e  of  t h e  fan.  

i s  a photograph o f  t h e  i n t e r i o r  o f  t h e  Me te r ing  Chamber. 

12 i n . )  and i s  b u i l t  o f  1.3-cm (0.5-in.) OD copper t u b i n g  w i t h  aluminum 

The dc f a n  may be 

The motor  i n p u t  i s  r a t e d  54-V and 9-A which p r o v i d e s  a power o u t -  

F i g u r e  18 

The c h i l l e d  wa te r  c o i l  has a face  area  o f  25.4 x 30.5 cm (10 x 
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W 
f i n s .  
passes t h r o u g h  t h e  hea t  exchanger. 
range o f  heat  exchanger du ty ,  va l ves  a r e  p r o v i d e d  on t h e  heat  exchanger 
headers w i t h i n  t h e  M e t e r i n g  Chamber so t h a t  water  f l o w  may be d i r e c t e d  
th rough e i t h e r  one pass o r  a l l  s i x  passes o f  t h e  hea t  exchanger. 

f o r  q u i c k  response. 
power measurements under v a r y i n g  power i n p u t s .  Two dc power s u p p l i e s  
manufactured by E l e c t r o n i c  Measurements, I n c . ,  model TCR 500 T10-4-D, 
p r o v i d e  power f o r  two 3-kW h e a t i n g  elements t o  g i v e  as much as 6-kW o f  
power. The power t o  one o f  t h e  h e a t i n g  elements i s  c o n t i n u o u s l y  v a r i a b l e  
t o  p r o v i d e  0 t o  3 kW as needed. 
where power i n p u t s  above 3 kW may be requ i red .  A l t e r n a t i v e l y ,  b o t h  3-kW 
power s u p p l i e s  can e a s i l y  be connected t o  p r o v i d e  0 t o  6 kW o f  modulated 
power. 
power i n p u t s ,  t h e  hea te r  s i z e s  c o u l d  be reduced. 

There a r e  e i g h t  tubes i n  t h e  face  area and t h e  tubes make s i x  

To p r o v i d e  f l e x i b i l i t y  f o r  a wide 

The e l e c t r i c  hea te r  i s  o f  bare  w i r e  des ign  so t h a t  i t  has a low mass 
D i r e c t  c u r r e n t  power was s e l e c t e d  t o  p e r m i t  p r e c i s e  

The o t h e r  i s  on-of f  c o n t r o l l e d  f o r  cases 

To p r o v i d e  v e r y  f i n e  c o n t r o l  f o r  exper iments r e q u i r i n g  l ow  dc 

2.2.3.1 C h i l l e d  water  system des iqn  

The c h i l l e d  water  system f o r  t h e  M e t e r i n g  Chamber i s  shown i n  F ig .  19. 
Water was chosen as t h e  heat  t r a n s f e r  medium because o f  i t s  well-known 
p h y s i c a l  p r o p e r t i e s .  
M e t e r i n g  and Guard Chambers i s  7 O C  (45OF). 
n o t  r e q u i r e d  t o  o b t a i n  d e s i r e d  temperatures.  
c u i t  s u p p l i e s  b o t h  t h e  M e t e r i n g  and Guard Chambers because b o t h  opera te  
n o r m a l l y  a t  t h e  same dry b u l b  temperature.  As shown i n  F ig .  19, t h e  water  
i s  c h i l l e d  i n  a tube and s h e l l  heat  exchanger w i t h  r e f r i g e r a n t  502 
s u p p l i e d  f rom a smal l  2.2-kW (3-hp) r e f r i g e r a t i o n  system. The hea t  
exchanger and r e f r i g e r a n t  compressor a r e  b o t h  l o c a t e d  on an equipment s k i d  
i n  t h e  p i t  w i t h i n  Bldg. 3144. 

by c o n t r o l  va lue  FCV-1 and then  e n t e r s  a u x i l i a r y  pump PMP-2. 
PMP-2, t h e  f l o w  can be e i t h e r  manual ly  o r  a u t o m a t i c a l l y  by-passed a t  RGV-2 
t o  o b t a i n  t h e  d e s i r e d  f l o w  r a t e  th rough hea t  exchanger WC-1 w i t h i n  t h e  
M e t e r i n g  Chamber. F i e l d  t e s t s  showed t h a t  t h e  maximum water  f l o w  r a t e  
o b t a i n a b l e  th rough heat  exchanger WC-1 was 35 V m i n  (9.2 gpm). A 5-pm 
f u l l  f l o w  f i l t e r  i s  p l a c e d  d i r e c t l y  upstream o f  t h e  t u r b i n e  f l o w  meter  t o  

The minimum des ign  dry b u l b  temperature o f  b o t h  t h e  

A common c h i l l e d  water  c i r -  
There fore ,  b r i n e  s o l u t i o n  i s  

C h i l l e d  water  f l o w  t o  t h e  M e t e r i n g  Chamber i s  a u t o m a t i c a l l y  a d j u s t e d  
A f t e r  l e a v i n g  





45 

p r o t e c t  i t s  b e a r i n g s  f rom p a r t i c u l a t e  ma t te r .  As a f u r t h e r  p recau t ion ,  
water  was c i r c u l a t e d  th rough t h e  p i p i n g  system f i l t e r s  f o r  severa l  days 
p r i o r  t o  t h e  i n s t a l l a t i o n  o f  t h e  meter i n  t h e  system. 
t u r b i n e  meter, Flow Technology, I nc . ,  model FT8-8 NEYW-LAD-1, s e r i a l  
No. 804091, was s e l e c t e d  and i n s t a l l e d  because o f  i t s  h i g h  p r e c i s i o n .  
The f l o w  meter was c a l i b r a t e d  a t  f l o w  r a t e s  f rom 0.6 t o  31.2 L h i n  (0.159 
t o  8.26 gpm). A l s o ,  a spare c a l l b r a t e d  f l o w  meter i s  on hand i n  case 
r a p i d  replacement i s  requ i red .  

Manual va l ves  can s e l e c t  e i t h e r  one o r  s i x  heat  exchanger passes, 
depending on t h e  expected heat  l o a d  o f  a p a r t i c u l a r  t e s t  s e r i e s .  
temperature change across c o i l  WC-1 i s  measured w i t h  a d i f f e r e n t i a l  
r e s i s t a n c e  temperature dev i ce  (RTD) which has an accuracy o f  0.1% o f  
c a l i b r a t e d  span. 
Company, model 4001 DT 221 BS OOS, and was c a l i b r a t e d  a t  d i f f e r e n t i a l  
temperatures f rom 0 t o  5.56OC (0 t o  10OF). 
t h e  M e t e r i n g  Chamber and r e t u r n s  th rough t h e  expansion tank ,  two p a r a l l e l  
20-pm f i l t e r s ,  t h e  main water  c i r c u l a t i o n  pump PMP-1, and t h e  hea t  
exchanger t o  complete t h e  water  c i r c u i t .  

c h i l l e d  water  c o i l  su r face  w i l l  opera te  dry when t h e  M e t e r i n g  Chamber i s  
i n  use. Furthermore, t h e  M e t e r i n g  Chamber w i l l  be unused and i n  t h e  
lowered p o s i t i o n  f o r  many t e s t s .  Then, t h e  Guard Chamber h u m i d i t y  c o n t r o l  
system w i l l  s u f f i c e  f o r  b o t h  areas. 
range f rom 3 t o  5OoC (37 t o  122OF) f o r  b o t h  t h e  Guard and C l imate  Chambers 
i n  t h e  i n i t i a l  des ign  o f  t h e  LSCS. 
needed i n  t h e  f u t u r e ,  t o  ex tend t h e  h u m i d i t y  c o n t r o l  range. 

exchanger WC-1. 
a f t e r  i s o l a t i o n  va l ves  VW-1 and VW-16 a r e  c losed.  
u s e f u l  i n  t e s t s  when t h e  c h i l l e d  water  c o i l  i s  n o t  r e q u i r e d  and o n l y  
i n p u t  f rom t h e  dc e l e c t r i c  hea te r  i s  needed. For t h i s  t ype  o f  t e s t ,  water  
d ra inage would remove t h i s  unwanted mass f rom w i t h i n  t h e  M e t e r i n g  Chamber. 

The c a l i b r a t e d  

The water  f l o w s  th rough hea te r  exchanger WC-1 i n  one o f  two paths.  

The 

The RTD ins t rumen t  was manufactured by Weed I n s t r u m e n t  

The c h i l l e d  water  e x i t s  f rom 

The M e t e r i n g  Chamber does not have humid i t y  c o n t r o l  because t h e  

Dew p o i n t s  a r e  c o n t r o l l e d  over  t h e  

Dess icant  a i r  d r y e r s  may be added, i f  

A smal l  d r a i n  va lve ,  VW-15, i s  p r o v i d e d  on t h e  M e t e r i n g  Chamber heat  

T h i s  d ra inage would be 
One f u n c t i o n  o f  t h i s  d r a i n  v a l v e  i s  t o  d r a i n  t h e  c o i l  
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2.2.3.2. M e t e r i n q  Chamber thermocouDles and thermoDi les 

The M e t e r i n g  Chamber i s  h e a v i l y  ins t rumented w i th  type-T thermocouples 
and hea t  f l u x  t ransducers  so as t o  exceed c o n s i d e r a b l y  t h e  requi rements o f  
ASTM C236. T h i r t y - t h r e e  thermop i les  a r e  ar ranged as shown- in  F ig .  20, 
which i s  an exploded v iew o f  t h e  i n s i d e  w a l l s  and f l o o r  o f  t h e  M e t e r i n g  
Chamber. The t h e r m o p i l e s  c o n s i s t  o f  thermocouples l o c a t e d  on b o t h  t h e  
i n n e r  and o u t e r  su r face  o f  t h e  M e t e r i n g  Chamber w a l l s  and a r e  connected so 
t h a t  t hey  "buck" each o the r .  Therefore,  whenever t h e  i n t e r i o r  and 
e x t e r i o r  sur faces  a r e  a t  i d e n t i c a l  temperatures,  t h e  o u t p u t  o f  t h e  t h e r -  
mop i le  should be zero.  Ten thermocouple rakes  a r e  a l s o  i n s t a l l e d  i n  t h e  
M e t e r i n g  Chamber w a l l s  and a r e  des ignated  by t h e  symbol I I IR"  i n  F ig .  20. 
These rakes  c o n s i s t  o f  t h r e e  i n d i v i d u a l  thermocouples w i th  one l o c a t e d  i n  
t h e  c e n t e r  o f  t h e  w a l l  i n s u l a t i o n  and t h e  o t h e r  two l o c a t e d  d i r e c t l y  oppo- 
s i t e  on t h e  i n n e r  and o u t e r  sur faces.  

2.2.3.3 M e t e r i n q  Chamber heat  f l u x  t ransducers  

Another measure o f  heat  t r a n s f e r  th rough t h e  M e t e r i n g  Chamber w a l l s  
i s  a v a i l a b l e  f rom 10 heat  f l u x  t ransducers,  which a r e  i d e n t i f i e d  as "HFT" 
on F i g .  20. 
Engineer ing,  E l  Monte, C a l i f o r n i a ,  model BI-7-420-X6, and have o v e r a l l  

x 0.12 i n .  t h i c k ) .  The t r a n s -  
a f t e r  t h e  LSCS was assembled by  
.25 i n .  deep) p lugs  w i th  an 
and f l o o r  o f  t h e  M e t e r i n g  Chamber. 
aminate and foam i n s u l a t i o n  were 
as t o  l o c a t e  t h e  i n n e r  sur face  o f  
f rom t h e  i n n e r  sur face  o f  t h e  
F ig .  21. C a l c u l a t i o n s  i n d i c a t e d  

The heat  f l u x  t ransducers  were manufactured by HY-CAL 

t h a t  t h i s  depth  l o c a t i o n  m i g h t  be advantageous d u r i n g  f u t u r e  dynamic 
t e s t i n g  i n s t e a d  o f  a l o c a t i o n  i n  t h e  midd le  o f  t h e  10-cm-thick (4- in . )  
foam i n s u l a t i o n  o f  t h e  w a l l s  and f l o o r .  

Each t ransducer  was c a l i b r a t e d  i n  t h e  ORNL Screen T e s t e r  p r i o r  t o  
i n s t a l l a t i o n  i n  t h e  LSCS w h i l e  mounted i n  t h e  same t ype  o f  foam i n s u l a t i o n  
used i n  t h e  M e t e r i n g  Chamber w a l l s .  
shunt ing  e f f e c t s  o f  t h e  t ransducers  w i t h i n  t h e  foam i n s u l a t i o n .  
shunt ing  e f f e c t s  must be considered because t h e  p a r t i c u l a r  hea t  f l u x  

T h i s  techn ique accounts f o r  thermal  
Thermal 

dimensions o f  5 x 5 x 3 mm t h i c k  (2  x 2 
ducers were i n s t a l l e d  by ORNL personnel  
removing 15 x 15 x 29 cm deep (6  x 6 x 

e l e c t r i c  r o u t e r  f rom t h e  i n t e r i o r  w a l l s  
P r e c i s e l y  machined p lugs  o f  f i b e r g l a s s  
then r e i n s t a l l e d  i n  t h e  r o u t e d  ho les  so 
t h e  t ransducer  about 2.9-cm ( 1-1/8-i n . ) 
f i b e r g l a s s  laminate  su r face  as shown i n  
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F ig .  20. Exploded v iew o f  t h e  Me te r ing  Chamber showing l o c a t i o n s  o f  
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Fig. 21. Method o f  heat flux transducer installation within the walls and floors o f  the Metering 
Chamber. 
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t ransducer  used has a thermal  c o n d u c t i v i t y  d i f f e r e n t  f rom t h a t  o f  t h e  
foam i n s u l a t i o n .  
o f  l i k e  thermal  c o n d u c t i v i t y  sur round ing  t h e  sensor r e g i o n  o f  t h e  t rans -  
ducer .  
used i n  t h e  M e t e r i n g  Chamber c o n s t r u c t i o n  were purchased e x p r e s s l y  f o r  
c a l i b r a t i o n  purposes. (Refer  t o  Sect.  2.2.1.) 

ducers w i t h i n  t h e  foam i n s u l a t i o n  o f  t h e  M e t e r i n g  Chamber. 
was based on t e s t s  completed i n  t h e  ORNL Screen T e s t e r  about May 27, 1987, 
i n  which e v a l u a t i o n  t e s t s  were conducted b o t h  w i t h  and w i t h o u t  Thermalcote 
j o i n t  compound. These c a l i b r a t i o n  r e s u l t s  showed l e s s  than 1% d i f f e r e n c e .  
I t  was dec ided t o  i n s t a l l  t h e  M e t e r i n g  Chamber heat  f l u x  t ransducers  
w i t h o u t  hea t  t r a n s f e r  grease t o  a v o i d  p o t e n t i a l  problems w i th  t h e  grease 
i n  t h e  wide range o f  t e s t  c o n d i t i o n s  t o  be encountered. 

hea t  f l u x  t ransducers  a r e  recorded on V i s t a  drawing No. 599-3-75, sheet  1, 
on f i l e  a t  t h e  RRC ( l i s t e d  i n  Appendix B). 

T h i s  s p e c i f i c  t ransducer  does not f e a t u r e  a guard r e g i o n  

E x t r a  foam i n s u l a t i o n  samples from t h e  same ba tch  o f  i n s u l a t i o n  

No heat  t r a n s f e r  grease was used i n  t h e  i n s t a l l a t i o n  o f  t h e  t r a n s -  
T h i s  d e c i s i o n  

The p r e c i s e  l o c a t i o n s  o f  t h e  thermop i les ,  thermocouple rakes,  and 

. 
2.2.3.4 A i r  leakaqe measurement system 

An a i r  leakage measur ing system i s  a t t a c h e d  t o  t h e  n o r t h  s i d e  o f  t h e  
M e t e r i n g  Chamber as shown i n  F ig .  22. T h i s  system i s  p r o v i d e d  f o r  a c l a s s  
o f  exper iments i n  which measurable a i r  f lows th rough t h e  M e t e r i n g  Chamber 
would be expected d u r i n g  t e s t s  o f  f e a t u r e s  such as r e l a t i v e l y  " leaky"  r o o f  
p e n e t r a t i o n  f l a s h i n g s  on b u i l d i n g s  where d i f f e r e n t i a l  p ressures  a r e  pre-  
sent  t o  c r e a t e  a i r  f l ows .  
a t  s l i g h t  nega t i ve  pressure  due t o  t h e  numerous exhaust fans  t h a t  a r e  
t y p i c a l l y  used. 
f l o w  r a t e s  up t o  0.42 m3/min (15 cfm). 
t h e  r e q u i r e d  exhaust f l o w  f rom t h e  M e t e r i n g  Chamber t o  p r e v e n t  a p ressure  
b u i l d - u p  due t o  t h e  a i r  in leakage f rom t h e  C l imate  Chamber. 
c a l l y  operated damper v a l v e  by-passes f l o w  th rough t h e  a i r  b lower  t o  
c o n t r o l  a i r  f l o w s  f rom t h e  M e t e r i n g  Chamber i n t o  t h e  Guard Chamber. 
a i r  f l o w  f rom t h e  M e t e r i n g  Chamber i s  measured by e l l i p t i c a l  nozz les  i n  
accordance w i th  ASHRAE Standard 16-83. 
(0 .5- in . )  diam nozz les  a r e  used t o  keep nozz le  v e l o c i t i e s  w i t h i n  s tandard  

For example, most commercial b u i l d i n g s  opera te  

The a i r  hand l i ng  and measur ing system i s  des igned f o r  a i r  
The system a u t o m a t i c a l l y  m a i n t a i n s  

The pneumati- 

The 

Two i n t e r c h a n g a b l e  1.2-cm -diam. 
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GL-PHOTO 6390-87 

Fig. 22. Air leakage measurement system installed on the north wall 
of the Metering Chamber. 



8 
ranges t o  p r o v i d e  a i r  f l o w  measurement accurac ies  w i t h i n  ~ 0 . 5 % .  
a i r  in leakage measuring system i s  i n  use, i t  i s  necessary t o  e q u a l i z e  
pressure  between ambient a i r  i n  t h e  p i t  and t h e  Guard Chamber by v e n t i n g  
of  t h e  a i r  f l o w .  

damper t h a t  i s  l o c a t e d  i n  t h e  personnel  access door  t o  t h e  Guard Chamber. 
When t h e  a i r  leakage system i s  n o t  i n  use, t h e  pressure  e q u a l i z a t i o n  panel  

i n  t h e  access door  i s  sealed by a removable panel .  A lso ,  t h e  e n t i r e  a i r  
leakage measurement system may e a s i l y  be removed f rom t h e  s i d e  o f  t h e  
M e t e r i n g  Chamber when n o t  i n  use and s t o r e d  elsewhere. 
(4 - in . )  PVC p i p e  p e n e t r a t i o n  th rough t h e  m e t e r i n g  chamber w a l l  should be 
sealed and f i l l e d  w i th  foam i n s u l a t i o n  t o  reduce hea t  l osses  whenever t h e  
a i r  in leakage system i s  n o t  i n  use. 

For cases i n  which a i r  f l o w  i s  reversed due t o  a lower  p ressure  above 
t h e  membrane su r face  than  below it, t h e  a i r  leakage measurement system 
w i l l  be mounted i n s i d e  t h e  M e t e r i n g  Chamber. I n  t h i s  mode o f  ope ra t i on  i t  
w i l l  be necessary t o  measure t h e  f a n  motor power i n p u t  w i th  t h e  a i r  
leakage measurement system t o  account f o r  a l l  energy i n p u t s  w i t h i n  t h e  
M e t e r i n g  Chamber. 

Ametek, model #116634-00, which operates a t  speeds f rom 3,000 t o  12,500 rpm 
and can c r e a t e  s u c t i o n  pressures  up t o  4 kPa (16 i n .  o f  water)  a t  
shu t -o f f .  
b lower  because t h e  d i f f e r e n t i a l  p ressure  l o a d i n g  b o t h  on t h e  M e t e r i n g  
Chamber w a l l s  and on f l o o r  sur faces  and t h e  t e s t  r o o f  specimen can be 
s i g n i f i c a n t ,  
f e r e n t i a l  p ressure  i s  e q u i v a l e n t  t o  a l o a d  o f  about  3830 N/m2 (80 l b / f t 2 ) .  

When t h e  

Pressure e q u a l i z a t i o n  takes  p l a c e  th rough a r e l i e f  

The 10-cm-diam 

The high-speed fan  on t h e  a i r  leakage measurement system i s  an 

Therefore,  care  should be e x e r c i s e d  when u s i n g  t h e  a i r  leakage 

For example, a t  t h e  s h u t - o f f  head f o r  12,500 rpm, t h e  d i f -  

2.2.4 Guard Chamber Desiqn 

A Guard Chamber i s  p r o v i d e d  t o  meet t h e  requ i rements  o f  ASTM C236. 

Thus, t h e  p r i m a r y  f u n c t i o n  o f  t h e  

However, f o r  most t e s t s ,  i t  i s  expected t h a t  t h e  LSCS w i l l  be operated 
o n l y  as an env i ronmenta l  chamber. 
Guard Chamber i s  t o  s imu la te  t h e  r e q u i r e d  i ndoor  temperatures below t h e  
e n t i r e  t e s t  specimen sur face .  Whenever t h e  LSCS i s  used as a guarded hot 
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box, t hen  t h e  Guard Chamber i s  t o  p rov ide ,  as n e a r l y  as p r a c t i c a l ,  a tem- 
p e r a t u r e  i d e n t i c a l  t o  t h a t  w i t h i n  t h e  Meter ing  Chamber so t h a t  t h e r e  w i l l  
be minimum heat  t r a n s f e r  th rough t h e  f o u r  w a l l s  and f l o o r  o f  t h e  M e t e r i n g  
Chamber. The w a l l  c o n s t r u c t i o n  o f  t h i s  Guard Chamber has been d e s c r i b e d  
e a r l i e r  i n  Sect.  2.2.1. 

Temperature c o n t r o l  i n  t h e  Guard Chamber i s  o b t a i n e d  v i a  a c i r -  
c u l a t i n g  water  system. 
Guard and M e t e r i n g  Chambers as no ted  above i n  Sect.  2.2.3.1. 
Chamber's c o n t r o l  systems a r e  shown s c h e m a t i c a l l y  i n  F ig .  23. C h i l l e d  
water  e n t e r s  the Guard Chamber c i r c u i t  th rough c o n t r o l  va lue  FCV-2 
under t h e  d i r e c t i o n  o f  M i c r i s t a r  c o n t r o l l e r  TIC-3. 
ac e l e c t r i c  power i n p u t  t o  t h e  water  stream f rom an SCR c o n t r o l  c i r c u i t  
as needed t o  p r o v i d e  temperatures up t o  66OC (15OOF) i n  t h e  Guard 
Chamber. 

A common c h i l l e d  water  c i r c u i t  supp l i es  b o t h  t h e  
The Guard 

Heater  HE-1 p r o v i d e s  

A f t e r  pass ing th rough heat  exchanger c o i l  WC-2 t h e  water  r e t u r n s  t o  
Check va l ve  CV-2 a l l o w s  t h e  c o n t i n u o u s l y  t h e  common c h i l l e d  water  loop.  

o p e r a t i n g  pump PMP-3 t o  c i r c u l a t e  water  th rough t h e  Guard Chamber 
rega rd less  o f  the amount of water  i n t roduced  i n t o  t h i s  c i r c u i t  v i a  c o n t r o l  
va lue  FCV-2. As noted i n  a l a t e r  s e c t i o n  o f  t h i s  r e p o r t ,  o p e r a t i n g  
exper ience has shown t h a t  t h i s  system can c o n t r o l  t h e  temperature a t  t h e  
p l a t i n u m  r e s i  stance temperature sensor TE-4 t o  w i t h i n  +O.O6OC (+O. l 0F ) ,  
which exceeds t h e  s p e c i f i e d  c o n t r o l  accuracy.  

A i r  h u m i d i t y  i s  c o n t r o l l e d  i n  t h e  Guard Chamber over  a dew p o i n t  range 
from 3 t o  5OoC (37 t o  122OF). D e h u m i d i f i c a t i o n  i s  accomplished by t h r e e  
copper c o i l s ,  shown i n  F ig .  24, which a re  l o c a t e d  near t h e  a i r  i n l e t  t o  
t h e  heat  exchanger c o i l  WC-2. Each o f  t h e  t h r e e  c o i l s  has an o u t e r  sur-  
f ace  area o f  about 0.65 m2 (7  ft'). 
r e f r i g e r a n t  502 t h a t  i s  f e d  f rom t h e  c h i l l e d  water  r e f r i g e r a t i o n  
compressor. 
expansion va lue  TXV-2. 
t h e  e x i t  l i n e  f rom t h e  c o i l s  t o  m a i n t a i n  t h e  c o i l  sur faces  a t  a minimum 
temperature l e v e l  o f  2OC (35OF), and p r e v e n t  i c e  fo rma t ion  d u r i n g  dehu- 
m i d i f i c a t i o n .  Water removed a t  t h e  d e h u m i d i f i c a t i o n  c o i l s  o r  t h e  main 
c h i l l e d  water  c o i l  i s  d r a i n e d  th rough a t r a p  t o  a d ra inage system l o c a t e d  
i n  t h e  f l o o r  o f  t h e  p i t .  

The copper c o i l s  a r e  c h i l l e d  by 

The c o i l s  a re  supp l i ed  r e f r i g e r a n t  th rough t h e r m o s t a t i c  
Evaporator  p ressure  r e g u l a t o r  EPR-2 i s  l o c a t e d  i n  

b 

r 
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Fig .  23. Schematic drawing o f  t h e  Guard Chamber c o n t r o l  systems. 
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Fig .  24. Dehumid i f ica t ion  c o i l s  w i t h i n  t h e  Guard Chamber. 
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, 

A steam i n j e c t i o n  system i s  p r o v i d e d  t o  i nc rease  t h e  humidity o f  t h e  
Guard Chamber when r e q u i r e d .  
steam genera to r  t h a t  s u p p l i e s  t h e  C l ima te  Chamber's humidity c o n t r o l  
system. 
exchanger such t h a t  e n t e r i n g  steam f i r s t  p rehea ts  t h e  s h e l l  and nozz le  
e x t e r i o r  sur faces  and then  e x i t s  t o  a steam t r a p .  
and dry steam leaves  t h e  t r a p  and e n t e r s  t h e  preheated nozz les  f rom wh ich  
i t  f l o w s  i n t o  t h e  a i r  o f  t h e  Guard Chamber. 

The steam i s  s u p p l i e d  f rom t h e  same 18-kW 

The steam i n j e c t i o n  nozz le  i s  b u i l t  as a c o n c e n t r i c  hea t  

Condensate i s  removed 

The mo is tu re  sensor f o r  t h e  Guard Chamber c o n t r o l  system i s  a r e l a -  
t i v e  h u m i d i t y  sensor manufactured by  Va isa la ,  o f  H e l s i n k i ,  F in land ,  
model HMT 14-T0075-1.2. T h i s  i ns t rumen t  has an accuracy o f  +3% r e l a t i v e  
h u m i d i t y  a t  20°C over  t h e  f u l l  range o f  0 t o  100% r e l a t i v e  h u m i d i t y .  
The meter  has r a p i d  response t i m e  f o r  t r a n s i e n t  c o n t r o l  purposes. 
v i d e  more accura te  a i r  mo is tu re  read ings ,  a General Eas tern  dew p o i n t  hygro- 
meter  sensor,  DPE-2, model 1200 APS w i t h  1211D sensor,  i s  a l s o  p r o v i d e d  f o r  
t h e  Guard Chamber as shown a t  t h e  l e f t  s i d e  o f  F i g .  23. 
sampl ing pump f rom t h e  Guard Chamber th rough  t h e  dew p o i n t  hygrometer and 
r e t u r n e d  t o  t h e  chamber. The i n l e t  sampl ing l i n e  and t h e  mo is tu re  sensing 
equipment can be heated e l e c t r i c a l l y  t o  p reven t  mo is tu re  condensat ion when- 
ever  t h e  Guard Chamber i s  opera ted  a t  dew p o i n t s  above ambient 
temperature.  

To pro-  

A i r  i s  drawn by a 

2.2.5 Data A c q u i s i t i o n  and Con t ro l  System Desiqn 

The RRC Data A c q u i s i t i o n  and Con t ro l  System i s  a microprocessor-  
based network f o r  a c q u i r i n g ,  d i s p l a y i n g ,  and s t o r i n g  d a t a  ob ta ined  d u r i n g  
r o o f i n g  m a t e r i a l  assembly and t e s t i n g  a c t i v i t i e s .  The system uses two 
I n t e r n a t i o n a l  Business Machines Advanced Technology Personal  Computers 
(IBM PC/AT) l o c a t e d  i n  t h e  exper imenta l  a rea  and a t h i r d  AT c l o n e  computer 
l o c a t e d  i n  t h e  Con t ro l  Room. 

The system c o n s i s t s  o f  a l l  hardware and so f tware  components necessary 
t o  pe r fo rm t h e  f o l l o w i n g  opera t i ons :  

I n t e r f a c e  d i r e c t l y  w i t h  sensors and process equipment. 
Sample b o t h  h i g h  l e v e l  (0-5 V dc) and low l e v e l  (0-10 mV dc) 
analog s i g n a l s .  
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P r i n t  hardcopy records .  

Exchange c o n t r o l  i n f o r m a t i o n  w i t h  t h e  ded ica ted  M i c r i s t a r  

Conver t  sampled measurements t o  eng inee r ing  va lues.  
D i s p l a y  va lues  i n  r e a l - t i m e  i n  b o t h  t a b u l a r  and g raph ic  fo rmats .  
S t o r e  d a t a  on removable d i s k  s to rage media. 

D i s p l a y  d a t a  t r e n d s  i n  g raph ic  p l o t  fo rmat .  
T ransmi t  d a t a  t o  o t h e r  computers i n  t h e  network.  

process c o n t r o l l e r s  i n  t h e  Con t ro l  Room. 

S ta r t -up  o r  shutdown o f  t h e  LSCS and i t s  suppor t  equipment i s  done 
f rom t h e  c o n t r o l  pane ls  i n  t h e  Con t ro l  Room. When t h e  d a t a  a c q u i s i t i o n  
and c o n t r o l  system a r e  n o t  be ing  used t o  a l t e r  t h e  s e t p o i n t s  o f  t h e  

M i c r i s t a r  c o n t r o l l e r s ,  t h e y  can be changed on t h e  c o n t r o l  panels .  The 
va lues  o f  t h e  c o n t r o l l e d  v a r i a b l e s ,  t h e  c u r r e n t  s e t p o i n t s  and t h e  opera- 
t i o n a l  s t a t u s  o f  t h e  LSCS components and suppor t  equipment a r e  con- 
t i n u o u s l y  d i s p l a y e d  on t h e  c o n t r o l  panels .  

l o c a t e d  near  t h e  southwest co rne r  o f  t h e  C l ima te  Chamber. T h i s  l o c a t i o n  
was chosen t o  a l l o w  easy ve rba l  communication d u r i n g  check-out o p e r a t i o n s  
w i t h i n  t h e  C l ima te  Chamber and t o  keep t h e  l e n g t h  o f  t h e  hundreds o f  
exper imenta l  sensor w i r e s  t o  a p r a c t i c a l  minimum. The C l imate  Chamber 
computer i s  an IBM PC/AT i n d u s t r i a l  rack-mounted computer. An i d e n t i c a l  
rack-mounted IBM PC/AT serves t h e  exper imenta l  assembly a rea  t o  p r o v i d e  
complete check-out o f  system hardware and so f tware  d u r i n g  assembly o f  a 
r o o f  t e s t  specimen p r i o r  t o  i t s  movement i n t o  t h e  C l imate  Chamber. The 
system i n  t h e  assembly area i s  c o n f i g u r e d  t o  l o o k  e x a c t l y  l i k e  t h e  C l ima te  
Chamber system f o r  t h e  i n s t r u m e n t a t i o n  on a r o o f  t e s t  specimen and i t s  
D iagnos t i c  P la t fo rm.  A t h i r d  computer system i s  p rov ided  i n  t h e  Con t ro l  
Room f o r  use i n  d a t a  a n a l y s i s ,  d a t a  p r i n t o u t ,  and f o r  communication w i t h  
t h e  ongoing exper iments as  des i red .  
computer manufactured by  NCR, c o n f i g u r e d  s i m i l a r l y  t o  t h e  IBMs. 

F i g s .  25a th rough  25d. The C l ima te  Chamber and Con t ro l  Room computer 
systems a r e  d iscussed i n  more d e t a i l  i n  t h e  f o l l o w i n g  sec t i ons .  

The p r imary  computer o f  t h e  d a t a  a c q u i s i t i o n  and c o n t r o l  system i s  

I t  i s  a S y n e r g i s t i c  Business Systems 

B lock  diagrams o f  t h e  d a t a  a c q u i s i t i o n  and c o n t r o l  system a r e  shown 
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ROOF Panel F a b r l c a t l o n  A r e a  

Low 
I 

I B M  PC/AT P r i n t e r  

L e v e l  Leve t  

Canac 
I n p u t  Highelow I Cl;na ? Chamber A rea  
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F i g .  25. ( a >  A Roof  Research Center data acquis i t ion system network block diagram. (b) LSCS 
data acquis i t ion system block diagram. 
assembly area data acquis i t ion system. 

( c )  Contro l  Room data  acquis i t ion system. ( d )  Experimental 
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6 1  

2.2.5.1 Hardware c o n f i q u r a t i o n  

L 

The c e n t r a l  p rocess ing  u n i t  f o r  t h e  LSCS computer system i s  an IBM 
model 7532 i n d u s t r i a l  rack-mounted computer. A t  t h e  t i m e  o f  i n s t a l l a t i o n ,  
t h e  u n i t  was equipped w i t h  640-Kbytes o f  random access memory, a r e a l - t i m e  
system c l o c k ,  a 40-Mbyte f i x e d  d i s k  d r i v e ,  a 1.2-Kbyte f l o p p y  d i s k e t t e  
d r i v e ,  and a 360-Kbyte d i s k e t t e  d r i v e  w i t h  s u i t a b l e  d i s k  d r i v e  
c o n t r o l l e r s .  The processor  operates a t  a system c l o c k  f requency o f  8 MHz. 

The user  i n t e r f a c e  t o  t h e  system i s  by means o f  t h e  keyboard and an 
IBM model 7534-964 i n d u s t r i a l  rack-mounted, c o l o r  g r a p h i c s  CRT d i s p l a y .  
The d i s p l a y  i s  mounted d i r e c t l y  above t h e  processor  i n  a 19- in .  i n d u s t r i a l  
c a b i n e t  and p r o v i d e s  b o t h  t a b u l a r  t e x t  and c o l o r  g raph ic  d a t a  d i s p l a y  as 
shown i n  F ig .  26. 
g r a p h i c s  adapter  c a r d  manufactured by Video-7 I n c .  The i n t e r f a c e  p r o v i d e s  
a g r a p h i c s  r e s o l u t i o n  of 640 x 350 d o t s  p e r  i n c h  and i s  opera ted  i n  SCREEN 
mode 9 by t h e  sof tware.  

p r o v i d e d  by a Mannesmann T a l l y  85 d o t  m a t r i x  p r i n t e r .  The p r i n t e r  i s  
i n t e r f a c e d  t o  t h e  processor  by means o f  a p a r a l l e l  p r i n t e r  i n t e r f a c e .  
I f  des i red ,  hard  cop ies  o f  screen c o n t e n t s  can a l s o  be produced. See 
Sect .  2.2.5.2 f o r  d e t a i l s  about t h i s  c a p a b i l i t y .  

It i s  d r i v e n  f rom t h e  processor  th rough VEGA Deluxe 

Hardcopy d a t a  p r e s e n t a t i o n  and program l i s t i n g  c a p a b i l i t y  a r e  

Program and d a t a  s to rage c a p a b i l i t y  i s  p r o v i d e d  by t h e  f o l l o w i n g  d i s k  
p e r i p h e r a l s :  

1 - 1.2-Mbyte f l o p p y  d i s k e t t e  d r i v e  
1 - 360-Kbyte f l o p p y  d i s k e t t e  d r i v e  
1 - 40-Mbyte nonremovable hard  d i s k  d r i v e  
1 - Dual d r i v e ,  ZO-Mbyte/drive B e r n o u l l i  removable c a r t r i d g e  

d i s k  d r i v e .  

The 1.2-Mbyte and 360-Kbyte f l o p p y  d i s k e t t e  d r i v e s  a r e  i n tended  p r i m a r i l y  
f o r  smal l  volumes o f  program and d a t a  t r a n s f e r .  
suppor ted f o r  maximum c o m p a t i b i l i t y  w i t h  o t h e r  computers. The s i n g l e  40- 
Mbyte, nonremovable d i s k  d r i v e  i s  i n tended  f o r  t h e  o p e r a t i o n a l  s to rage o f  
programs, u t i l i t i e s ,  user -de f ined f i l e s ,  and program suppor t  f i l e s .  T h i s  
d i s k  i s  backed up p e r i o d i c a l l y  on to  one o r  more removable c a r t r i d g e  
d i s k s  t o  ensure minimum downtime and recovery  i n  t h e  event  o f  damage t o  

Both da ta  d e n s i t i e s  a r e  
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, 

t h e  ha rd  d r i v e .  
d r i v e  i s  p rov ided  p r i m a r i l y  t o  p e r m i t  r e a l - t i m e  s to rage o f  l a r g e  volumes 
of  research  d a t a  f o r  subsequent a n a l y s i s  and i n t e r p r e t a t i o n .  
o r g a n i z a t i o n  and convent ions  f o r  d i s k  d a t a  s to rage a r e  d e f i n e d  and 
d iscussed below. 

The d u a l - d r i v e  20-Mbyte/drive removable c a r t r i d g e  d i s k  

The 

A l l  d a t a  ob ta ined  f rom sensors a r e  acqu i red  th rough  K i n e t i c s  Systems, 
I n c . ,  CAMAC analog i n t e r f a c e  u n i t s .  The analog t o  d i g i t a l  c o n v e r t e r s  and 
m u l t i p l e x e r s  a r e  mounted i n  a K i n e t i c s  Systems model 1502 powered CAMAC 
c r a t e ,  l o c a t e d  i n  t h e  bo t tom o f  t h e  system c a b i n e t .  The u n i t s  p r o v i d e  t h e  
c a p a b i l i t y  t o  measure b o t h  h i g h  l e v e l  (0-5 V dc) and low l e v e l  (0-10 mV dc) 
analog s i g n a l s .  
s t a n d a r d i z a t i o n  o f  CAMAC hardware and so f tware  i n t e r f a c i n g  and suppor t  f o r  
a wide range o f  c a r d  t ypes  (e .g . ,  RTD, s t r a i n  gage, and thermocouple). 
On ly  thermocouples and hea t  f l u x  t ransducers  a r e  used c u r r e n t l y ,  but  sup- 
p o r t  i s  a v a i l a b l e  when needed f o r  RTDs and s t r a i n  gages. 

The CAMAC i n t e r f a c e  was s e l e c t e d  based on t h e  need f o r  

H igh - leve l  s i g n a l s  such as those t h a t  o r i g i n a t e  
Chamber c o n t r o l  equipment (e.g. ,  f a n  motor  speed, f a n  
f a n  motor  vo l tage )  a r e  acqu i red  th rough  t h e  h igh - leve  
A m p l i f i e d  s i g n a l s  f rom hea t  f l u x  t ransducers  a r e  a l s o  
h i g h - l e v e l  analog i n p u t  i n t e r f a c e .  T h i s  i n t e r f a c e  i s  
analog i n t e r f a c e  module combined w i t h  K i n e t i c s  System 

f rom t h e  Me te r ing  
motor  c u r r e n t ,  and 

analog i n t e r f a c e .  
connected t o  t h e  
a K i n e t i c s  Systems 

FET m u l t i p l e x i n g  
modules. Low-level  analog s i g n a l s  such as those o r i g i n a t i n g  f rom t h e r -  
mocouples a r e  acqu i red  th rough  t h e  l ow- leve l  analog i n t e r f a c e .  T h i s  
i n t e r f a c e  c o n s i s t s  o f  a K i n e t i c s  Systems, I n c . ,  Low-Level Ana log - to -D ig i ta l  
Conver te r  and severa l  K i n e t i c s  Systems, I n c . ,  mercury-wetted reed  r e l a y  
m u l t i p l e x e r  modules. A l l  analog i n p u t  s i g n a l s  a r e  c o n d i t i o n e d  (sca led)  t o  
a l e v e l  t h a t  i s  compat ib le  w i t h  t h e  analog i n p u t  ranges a v a i l a b l e .  
Tab le  5 shows sensor /s igna l  t ypes ,  s i g n a l  magnitude (and s ign ,  i f  
a p p l i c a b l e ) ,  t y p e  o f  c o n d i t i o n i n g ,  and i n p u t  channel t y p e  ( l e v e l ) .  

The c e n t r a l  p rocess ing  u n i t  f o r  t h e  LSCS computer i s  equipped w i t h  
two s e r i a l  communications p o r t s ,  COM-1 and COM-2. COM-1 i s  used f o r  com- 
mun ica t i on  w i t h  t h e  M i c r i s t a r  c o n t r o l l e r s ,  w h i l e  COM-2 i s  used f o r  com- 
mun ica t i on  w i t h  t h e  Con t ro l  Room system. The exac t  c o n f i g u r a t i o n  o f  each 
o f  these i n t e r f a c e s  i s  d iscussed i n  t h e  f o l l o w i n g  paragraphs. 
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Table 5. Sensor and signal descriptions for the LSCS 

Sensor/signal Magnitude Type of Analog 
tY Pe and sign conditioning input level 

Thermocouple -1.5/3.0 V dc none 1 ow 
Heat f 1 ux +60 mV dc ampl i f i er high 
Fan speed 0-15 V dc voltage divider high 
Fan voltage 0-5 V dc i sol ation ampl if ier high 
Fan current 0-50 mV dc isolation ampliifer high 

The data acquisition and control system for the LSCS exchanges 
information with the Micristar controllers over a multi-drop com- 

munications cable configuration. Since COM-1 is an RS-232 serial link 
that does not support multi-drop or partyline serial communications, a 

Burr-Brown model LDM-422 communications module is used to interface the 
processor to the Micristar controllers. This interface allows up to 31 

devices to share a single communications link. 
there are a total of six, dual-loop process controllers. 

In this configuration, 

The processor communicates with each of the controllers by polling 
the controller and requesting specific items of information. These 

include current values of controlled variables and current setpoints. 

processor may also influence the operation of the controller by sending 

new setpoints values and controller tuning parameters. 

The 

The Control Room computer system is made by Synergistic Business 

Systems. The central processing unit is an NCR model 0112 with keyboard 
and two 1.2-Mbyte floppy diskette drives and a 40-Mbyte nonremovable hard 
disk drive. A VEGA Deluxe graphics card feeds an NEC model JC-1402HMA 
monitor. A dual drive, 20-Mbyte/drive Bernoulli removable cartridge disk 
drive completes the system. 

computer system are provided to permit exchange of process information 
between the two systems. The type of information exchanged includes the 
sending of current point values from the LSCS computer to the Control Room 
computer for remote viewing and the sending of new point values from the 
Control Room computer to the LSCS computer t o  influence current point 
values or control action. 

Communications between the LSCS computer system and the Control Room 
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, 

T h i s  communication i s  accompl ished th rough  t h e  use o f  t h e  COM-2 
s e r i a l  p o r t  on t h e  LSCS computer and t h e  COM-1 p o r t  an t h e  C o n t r o l  Room 
computer. T h i s  l i n k  i s  a s tandard RS-232 s e r i a l  l i n k  o p e r a t i n g  a t  
9.6-Kbaud w i t h  even p a r i t y ,  7 d a t a  b i t s  and 1 s top  b i t .  

2.2.5.2 Sof tware c o n f i q u r a t i o n  

The so f tware  f o r  o v e r a l l  system o p e r a t i o n  i s  p r o v i d e d  i n  t h e  form o f  
a s i n g l e  main program w i t h  an a d d i t i o n a l  program f o r  database l o a d i n g .  
Spec ia l  p r o v i s i o n s  have been made i n  t h e  o v e r a l l  systems so f tware  t o  
accommodate query ing  and placement o f  database va lues  f rom a remote 
system. A memory r e s i d e n t  common database i s  used t o  pass v a r i a b l e s  
between programs. 

so f tware  a v a i l a b l e  f a r  t h e  IBM PC/AT and compat ib les,  a survey o f  t h e  
market  f a i l e d  t o  f i n d  so f tware  t h a t  was a p p r o p r i a t e  f o r  t h i s  s p e c i f i c  
a p p l i c a t i o n .  
f o l l o w i n g  c r i t e r i a :  

Wh i le  t h e r e  was, a t  t h e  t i m e  o f  system i n s t a l l a t i o n ,  an abundance o f  

The d e c i s i o n  t o  develop customer so f tware  was based on t h e  

Need t o  communicate d i r e c t l y  w i t h  t h e  Research 
I n d u s t r i e s ,  I n c . ,  M i c r i s t a r  c o n t r o l l e r s  

e Need t o  be a b l e  t o  enhance o r  mod i f y  t h e  program 
t y  w i t h o u t  hav ing  
Center s t a f f ,  e.g. ,  
s ions  w i t h i n  t h e  

s t r u c t u r e s  and/or f u n c t i o n a l  
t o  r e l y  on non-Roof Research 
o u t s i d e  vendors o r  o t h e r  d i v  
Laboratory .  

The s o f t w a r e  i s  w r i t t e n  comp le te l y  i n  t h e  B A S I C  programming language 
u s i n g  t h e  M i c r o s o f t  QuickBASIC Vers ion  3.0 implementat ion o f  BASIC. 
T h i s  implementat ion opera tes  i n  a compi led environment r a t h e r  than  an 
i n t e r p r e t e d  env i ronment .  T h i s  o p e r a t i o n  p r o v i d e s  a much mope respons ive  
so f tware  environment and p r o v i d e s  much b e t t e r  r e a l - t i m e  system response. 

The system p r o v i d e s  t h e  a b i l i t y  t o  copy b o t h  t e s t  and g r a p h i c s  
i n f o r m a t i o n  d i r e c t l y  f rom t h e  CRT screen t o  t h e  p r i n t e r .  
i s  accompl ished by a program named EPSON t h a t  i s  i n s t a l l e d  and i n i t i a t e d  
d u r i n g  system s t a r t - u p .  The program was ob ta ined  f rom t h e  p u b l i c  domain 
so f tware  sources. I n  o r d e r  t o  use t h e  screen copy f u n c t i o n ,  t h e  p r i n t e r  

T h i s  t r a n s f e r  
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must be loaded w i t h  paper and i n  t h e  "ON-LINE" mode. P ress ing  t h e  " P r i n t  
Screen" key on t h e  keyboard when t h e  d e s i r e d  i n f o r m a t i o n  i s  on t h e  screen 
produces a hardcopy o f  t h e  i n f o r m a t i o n .  

d e f i n i t i o n ,  s t a t i c  d i s p l a y  i n f o r m a t i o n ,  and dynamic d a t a  d i s p l a y  
i n f o r m a t i o n .  These f i l e s  a r e  d iscussed i n  d e t a i l  i n  t h e  f o l l o w i n g  
paragraphs. 
i n  Sect .  2.2.5.3. 

The system so f tware  uses severa l  d i s k  f i l e s  t o  process database 

How d a t a  i n  these f i l e s  a r e  presented and s t o r e d  i s  d iscussed 

Process database f i l e s :  The process database f i l e s  a r e  sequen t ia l  
access, A S C I I  f o rma t ted  t e x t  f i l e s  w i t h  one r e c o r d  f o r  each process p o i n t  
d e f i n e d  i n  t h e  system. 
easy e d i t i n g  w i th  a lmost  any t e x t  e d i t o r  program. 
reco rds  i s  d e f i n e d  w i t h i n  t h e  main program t o  accommodate t h e  l a r g e s t  

needed. 
r e c o r d s  a r e  read, and t h e  p o i n t  d a t a  t a b l e s  a r e  c o n f i g u r e d .  
a r e  e s s e n t i a l l y  f r e e  fo rma t  w i t h  commas used a s  f i e l d  d e l i m i t e r s .  The 
e x a c t  f i e l d  d e f i n i t i o n  w i l l  v a r y  based on t h e  p o i n t  t y p e  ( i . e . ,  analog 
i n p u t ,  analog ou tpu t ,  d i g i t a l  i n p u t  o r  d i g i t a l  o u t p u t ) .  
t i o n s  f o r  analog i n p u t  p o i n t s  a r e  shown i n  Table 6 .  

The f i l e s  a r e  f o r m a t t e d  as ASCII t e x t  t o  p e r m i t  
The maximum number o f  

A f i l e  i s  opened a t  t h e  t i m e  t h a t  t h e  program i s  executed, t h e  
The r e c o r d s  

The f i e l d  d e f i n i -  

S t a t i c  i n f o r m a t i o n  f i l e s :  The i n f o r m a t i o n  p resen ted  on t h e  d i s p l a y  
screen c o n s i s t s  o f  b o t h  s t a t i c  and dynamic d a t a  and i n f o r m a t i o n .  S t a t i c  
i n f o r m a t i o n  i s  d e f i n e d  a s  those i t ems  t h a t  do n o t  change a f t e r  t h e  d i s p l a y  
i s  i n i t i a l l y  c a l l e d  up. These i n c l u d e  screen headings, column headings, 
o p t i o n s ,  and s i m i l a r  i tems.  
s t a t i c  elements o f  a screen image and conserve memory, f i l e s  have been 
de f i ned ,  w i t h  each correponding t o  a p a r t i c u l a r  d i s p l a y  screen. 
t a i n  A S C I I  t e s t  f o r m a t t e d  reco rds  t h a t  s p e c i f y  t e x t  t o  be p l a c e d  on t h e  
screen. 
t e x t  on t h e  screen and a code f o r  t h e  c o l o r  o f  t h e  t e x t  when i t  i s  
d i s p l a y e d .  
commas s e r v i n g  as t h e  d e l i m i t e r s  f o r  each f i e l d .  
these reco rds  i s  shown i n  Table 7. These f i l e s  a r e  i d e n t i f i e d  by f i l e -  
names o f  t h e  form "SCRNxxx.SCN", where "xxx" i s  a numeric d e s i g n a t i o n  
corresponding t o  t h e  d i s p l a y  "screen" number as d e f i n e d  w i t h i n  t h e  
program. 

I n  o r d e r  t o  s i m p l i f y  t h e  d e f i n i t i o n  o f  t h e  

They con- 

The r e c o r d s  a l s o  d e f i n e  t h e  c o o r d i n a t e s  f o r  t h e  placement o f  t h e  

The f i e l d s  w i t h i n  t h e  r e c o r d  a r e  e s s e n t i a l l y  f r e e  fo rma t  w i t h  
The f i e l d  d e f i n i t i o n  f o r  
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Table 6. F i e l d  d e f i n i t i o n s  f o r  analog imput  p o i n t s  

Fie ld  Func t ion  Al lowable/expected c o n t e n t s  

4 

a 
9 

10 
11 
12 
13 

P o i n t  t y p e  
P o i n t  name 
Eng ineer ing  U n i t s  

P o i n t  o r i g i n  

I n p u t  u n i t  

I n p u t  channel 

Conversion t y p e  

"a" coe f f i c i e n t  
I'bVB coe f f i c i en t 
'IC" c o e f f i c i e n t  
Low 1 i m i  t 

High l i m i t  
Sample i n t e r v a l  

ANI-Analog I n p u t  
Alpha-numeric c h a r a c t e r s  (10 maximum) 
Any reasonable u n i t s  d e s i g n a t i o n  

(e.g. ,  gal /min,  O F ,  X h u m i d i t y )  
P o i n t  source d e s i g n a t i o n  (how does i t  

g e t  i n t o  system) (e.g. ,  M I G M i c r i s t a r  
communications; AOC=analoq t o  d i g i t a l  
c o n v e r t )  

b g . ,  1) 
Numeric va lue  o f  p o i n t  o r i g i n  u n i t  

Numeric va lue  o f  channel on i n p u t  
u n i t  (e.g. ,  1) 

Symbolic conve rs ion  t y p e  d e s i g n a t o r  
( e .  g . , T=type "TI' thermocoupl e ; 
L I N = l i n e a r  convers ion  o f  form: 
y=bx+c (see below); QUAD=quadratic 
conve rs ion  o f  form: y=ax2+bx+c 

Second degree te rm c o e f f i c i e n t  
F i r s t  degree te rm c o e f f i c i e n t  
Constant  c o e f f i c i e n t  
Low a la rm l i m i t  i n  e n g i n e e r i n g  u n i t s  
H igh  a la rm l i m i t  i n  e n g i n e e r i n g  u n i t s  
I n t e r v a l  ( i n  seconds between analog 

i n p u t  samples) 
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Table 7. F i e l d  d e f i n i t i o n s  f o r  d a t a  p r e s e n t a t i o n  

F i e l d  Func t i on Al?owable/expected c o n t e n t s  

1 Row number Numeric va lue  o f  row on screen; should 
be <20 

2 Column number Numeric va lue  o f  column on screen; must 
be 1 t o  72 

3 C o l o r  code Numeric va lue  o f  c o l o r  code i n  
accordance w i t h  t h e  s tandard c o l o r  
codes 

4 D isp layed  t e s t  Alpha-numeric t e x t  t o  be d i s p l a y e d  

Dynamic i n f o r m a t i o n  files: The dynamic d a t a  presented on t h e  m o n i t o r  
c o n s i s t  o f  process p o i n t  va lues.  The s p e c i f i c a t i o n  o f  t h e  p o i n t s  and t h e  
corresponding l o c a t i o n  on t h e  screen a r e  d e f i n e d  by t h e  r e c o r d s  con ta ined  
i n  t h e  dynamic i n f o r m a t i o n  f i l e s .  
o f  t h e  form "SCRNxxx. PNT", where "xxx" i s  a numeric d e s i g n a t i o n  
corresponding t o  t h e  d i s p l a y  "screen" number as d e f i n e d  w i t h i n  t h e  
program. 
commas s e r v i n g  as t h e  d e l i m i t e r s  f o r  each f i e l d .  
these r e c o r d s  i s  shown i n  Table 8. 

These f i l e s  a r e  i d e n t i f i e d  by f i l enames  

The f i e l d s  w i t h i n  t h e  r e c o r d  a r e  e s s e n t i a l l y  f r e e  fo rma t  w i t h  
The f i e l d  d e f i n i t i o n  f o r  

Table 8. F i e l d  d e f i n i t i o n s  f o r  t h e  dynamic i n f o r m a t i o n  f i l e s  

F i e l d  Func t i on  Al lowable/expected con ten ts  

1 Row number Numeric va lue  o f  row on screen; should be 

2 Column number Numeric va lue  o f  column on screen; must 

3 C o l o r  code Numeric va lue  o f  c o l o r  code i n  accordance 

4 P o i n t  name Alpha-numeric name o f  t h e  p o i n t  whose 

<20 

be 1 t o  72 

w i t h  s tandard c o l o r  codes 

va lue  i s  t o  be d i s p l a y e d  

2.2.5.3 Data p r e s e n t a t i o n / s t o r a q e  

The system so f tware  d i r e c t s  t h e  c o l l e c t i o n  o f  d a t a  i n t o  t h e  process 
database f i l e s .  These d a t a  a r e  combined w i th  d a t a  i n  t h e  s t a t i c  and dyna- 
mic i n f o r m a t i o n  f i l e s  and presented on t h e  LSCS computer m o n i t o r  screen. 
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Each screen c o n t a i n s  a STATUS, QUERY, and INPUT l i n e  and i s  s e l e c t e d  from 
t h e  M A I N  MENU. The MAIN MENU screen comes up a u t o m a t i c a l l y  upon s t * a r t  o f  
t h e  program, 

The STATlJS l i n e  p rov ides  t h e  o p e r a t o r  o r  observer  w i t h  t h e  c o n d i t i o n  
o f  t h e  d a t a  a c q u i s i t i o n  and c o n t r o l  system, p r i n t e r  l o g g i n g  s t a t u s ,  and 
d i s k  l o g g i n g  s t a t u s .  SYSTEM RUNNING i n d i c a t e s  t h a t  d a t a  a r e  be jng  
gathered;  o therw ise ,  SYSTEM STOPPED i s  d i sp layed .  PRINTING ENABLED means 
t h a t  i n f o r m a t i o n  i s  b e i n g  logged by t h e  p r i n t e r ;  o therw ise ,  PRINTING 
DISABLED appears. D I S K  STORE ENABLED means t h a t  i n f o r m a t i o n  i s  be ing  
logged t o  t h e  a c t i v e  d i s k  d r i v e ;  o therw ise ,  D I S K  STORE DISABLED i s  
d isp layed .  

The d e f a u l t  QUERY l i n e  shows v a l i d  keyboard i n p u t s  f o r  a p a r t i c u l a r  
screen. I f  an i n c o r r e c t  response i s  i n p u t  and echoed on t h e  INPUT l i n e ,  
t h e  QUERY l i n e  changes t o  "NOT A VALID SCREEN OPTION" f o r  a few seconds. 
Then i t  changes back t o  t h e  d e f a u l t ,  t h e  INPUT l i n e  c l e a r s  t o  b lank ,  and 
b o t h  w a i t  f o r  t h e  n e x t  response. I f  a c o r r e c t  response i s  i n p u t ,  t h e  
screen changes, t h e  QUERY l i n e  goes t o  i t s  d e f a u l t  f o r  t h e  n e x t  screen 
w h i l e  t h e  INPUT l i n e  i s  aga in  b l a n k  w a i t i n g  f o r  a new response. A 
c a r r i a g e - r e t u r n - o n l y  response w i l l  always r e t u r n  t h e  o p e r a t o r  o r  observer  
t o  t h e  p r e v i o u s  menu. Thus, repeated  c a r r i a g e - r e t u r n - o n l y  responses 
b r i n g s  u p  t h e  MAIN MENU, p r o v i d i n g  a p a t h  t o  any o f  t h e  screens i s  

a v a i  1 ab1 e .  

The cho ices  on t h e  master  menu i n c l u d e  t h e  f o l l o w i n g :  

START sends i n s t r u c t i o n s  t o  p o l l  t h e  h igh -  and low- leve l  A/D 
conver te rs  and t h e  M i c r i s t a r  c o n t r o l l e r s  f o r  d a t a  f rom t h e  sensors 
d e f i n e d  as a c t i v e  i n  t h e  process database f i l e .  The p o l l i n g  
con t inues  a t  programmed i n t e r v a l s .  
STOP means t o  s top  g a t h e r i n g  da ta  ( i . e o p  no longer  pa l l  t h e  d a t a  
a c q u i s i t i o n  hardware o r  s e r i a l  communications p o r t  f o r  updates on 

d a t a ) .  

GRAPH a l l o w s  p r e s e n t a t i o n  o f  d a t a  i n  t h e  c u r r e n t  b u f f e r  (da ta  f rom 
up t o  22 h o f  t h e  most r e c e n t  system opera t i on )  i n  one o f  
v a r i o u s  fo rmats .  DIAG i s  an o v e r a l l  system d iagram w i t h  a few 
va lues  f rom each p a r t  o f  t h e  system. 
a se lec ted  group o f  v a r i a b l e s .  TREND shows one s e l e c t e d  v a r i a b l e ' s  
t r e n d  every  5 min  f o r  up t o  22 h w i t h  a x i s  minima and 

0 

BAR presents  a b a r  c h a r t  f o r  
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maxima a u t o m a t i c a l l y  s e l e c t e d  o r  manual ly  entered.  The c h o i c e  of  
one o f  t h e  t h r e e  formats DIAG, BAR, o r  TREND i s  made f rom t h e  
GRAPH submenu. Once a cho ice  i s  made and i t  i s  on t h e  screen, t h e  
d a t a  p resen ted  a re  updated each t i m e  t h e  system scans. 
CONTROL shows t h e  p resen t  va lues  and s e t p o i n t s  o f  v a r i a b l e s  
c o n t r o l l e d  by t h e  M i c r i s t a r  c o n t r o l l e r s .  
any s e t p o i n t  t h rough  t h i s  menu. 
DATA d y n a m i c a l l y  d i s p l a y s  d a t a  on a l l  p o i n t s  d e f i n e d  i n  t h e  
system. The format  i s  a s c r o l l a b l e  t a b l e .  Any p a r t i c u l a r  p o i n t  
can be moved t o  t h e  t o p  o f  t h e  l i s t  f o r  s p e c i a l  emphasis. 
D I S K  a l l o w s  t h e  c u r r e n t  d i s k  f i l e  t o  be c l o s e d  and a new one 
opened f o r  c o l l e c t i o n  o f  d a t a  i n t o  one f i l e  t o  document t h e  
response t o  a p a r t i c u l a r  sequence o f  c o n t r o l l e d  v a r i a b l e  va lues 
d u r i n g  a run .  The f i l e  i s  i d e n t i f i e d  by t h e  d a t e  and t i m e  a t  
which i t  was opened, and a one- l i ne ,  o p e r a t o r - i n p u t  i d e n t i f i e r  
un ique t o  t h e  data.  

The o p e r a t o r  can change 

P R I N T  d i s p l a y s  t h e  p r i n t e r  c o n t r o l  menu screen, It a l l o w s  p r i n t e r  
l o g g i n g  t o  be enabled o r  d i s a b l e d  and t h e  l o g g i n g  i n t e r v a l  t o  be s e t .  
Q U I T  te rm ina tes  t h e  da ta  a c q u i s i t i o n  and c o n t r o l  program i n  an 
o r d e r l y  f a s h i o n  by s topp ing  a l l  d a t a  a c q u i s i t i o n  and/or l ogg ing ,  
c l o s i n g  open f i l e s ,  and r e t u r n i n g  t o  t h e  o p e r a t i n g  system 
environment.  Con t ro l  o f  t h e  LSCS con t inues  under t h e  d i r e c t i o n  o f  
t h e  M i c r i s t a r  c o n t r o l l e r s  a t  t h e i r  c u r r e n t  s e t p o i n t s .  

2.3 DIAGNOSTIC PLATFORM DESIGN 

D i a g n o s t i c  P l a t f o r m s  a r e  mu l t i pu rpose  dev i ces  t h a t ,  i n  t h e i r  most 
b a s i c  c o n f i g u r a t i o n ,  a r e  reusab le  r o o f  t e s t  specimen h o l d e r s  w i t h  
p r o v i s i o n s  f o r  sensors and da ta  a c q u i s i t i o n .  However, t h e  D i a g n o s t i c  
P l a t f o r m s  can a l s o  p r o v i d e  o p e r a t i o n a l  f e a t u r e s  which enhance t h e  f l e x i b i l i t y  
and range o f  exper iments t h a t  can be c a r r i e d  o u t  i n  t h e  LSCS. 

A p r i m a r y  f e a t u r e  o f  each D i a g n o s t i c  P l a t f o r m  w i l l  be i n s t r u m e n t a t i o n  
t e r m i n a l  boxes t h a t  c o n t a i n  m u l t i - p i n  qu i ck -d i sconnec to rs  f o r  t h e  thermo- 
couples as w e l l  as o t h e r  i n s t r u m e n t a t i o n .  The des ign  o f  t h e  D i a g n o s t i c  
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, 

P l a t f o r m  i s  based on m u l t i p l e  55-p in connectors  wh ich  a r e  commerc ia l l y  
a v a i l a b l e .  There fore ,  a f t e r  t h e  D i a g n o s t i c  P l a t f o r m  i s  p laced  i n  t h e  
C l ima te  Chamber-, t h e  i ns t rumen ts  can be q u i c k l y  connected t o  t h e  d a t a  
a c q u i s i t i o n  system u s i n g  t h e  m u l t i - p i n  connectors .  Each t e r m i n a l  box can 
accommodate about  220 i n d i v i d u a l  i ns t rumen t  w i r e s .  M u l t i p l e  boxes w i l l  be 
used as r e q u i r e d  t o  meet t h e  needs o f  each exper iment .  T h i s  f e a t u r e  w i l l  
be p a r t i c u l a r l y  u s e f u l  i n  t h e  more complex exper iments t h a t  a r e  es t ima ted  
t o  c o n t a i n  up t o  300 d a t a  channels .  

A separate d a t a  a c q u i s i t i o n  s t a t i o n  i s  p r o v i d e d  i n  t h e  exper iment  
assembly area so t h a t  a l l  i ns t rumen ts  can be checked opera t i onaK ly  i n  
advance t o  assure c o m p a t i b i l i t y  w i t h  t h e  d a t a  a c q u i s i t i o n  so f tware  and 
hardware. T h i s  precheck w i l l  a l s o  r e v e a l ,  i n  advance o f  ope ra t i on ,  any 
w i r e  r e v e r s a l s  and open o r  poor  e l e c t r i c a l  c o n t a c t s  i n  t h e  inst rumen- 
t a t i o n  system. The end r e s u l t  w i l l  be improved q u a l i t y  c o n t r o l  o f  t h e  
i n s t r u m e n t a t i o n  p r i o r  t o  exper imenta l  use. A sketch  o f  a s imp le  
D i a g n o s t i c  P l a t f o r m  and i t s  r e l a t e d  qu ick-d isconnect  panel  i s  shown i n  
Fl’g. 27. A s  noted  e a r l i e r ,  some exper iments w i l l  have more than one qu ick -  
d i sconnec t  panel  depending on t h e  number o f  i ns t rumen ts .  The qu ick -  
d i sconnec ts  a r e  mounted on s tand -o f f s  i n  a t h e r m a l l y  i n s u l a t e d  w a t e r - t i g h t  
gasketed aluminum enc losure  t o  keep t h e  connectors  and t h e i r  r e l a t e d  t h e r -  
mocouple w i r e  j u n c t i o n s  near  i so the rma l  c o n d i t i o n s  t o  min imize  p o t e n t i a l  
thermocouple e r r o r s .  Key thermocouples w i l l  be f i e l d  c a l i b r a t e d  t o  d e t e r -  
mine t h a t  r e q u i r e d  accu rac ies  a r e  ob ta ined.  

A c ross -sec t i ona l  d rawing  o f  a D iagnos t i c  P l a t f o r m  i s  shown i n  
F i g .  28. The s imp le  D i a g n o s t i c  P l a t f o r m  i s  a r a t h e r  massive dev ice ,  
we igh ing  about  12 kN (2700 l b ) .  The main s t r u c t u r a l  member i s  a square 
framework t h a t  i s  f a b r i c a t e d  f rom 25-cm (10 - jn .1  square carbon s t e e l  
t u b i n g .  F igu re  28 a l s o  shows one o f  t h e  e i g h t  a d j u s t a b l e  h e i g h t  suppor t  
p o i n t s  t h a t  a r e  mounted on t h e  C l ima te  Chamber f l o o r  t o  suppor t  t h e  
O iagnos t i c  P l a t f o r m  w i t h i n  t h e  chamber. Removable h o i s t  r i n g s ,  shown by  
d o t t e d  l i n e s  i n  F i g .  28, a r e  used whenever t h e  D i a g n o s t i c  P l a t f o r m  i s  
moved. 
removed and t h e  h o l e  i n  t h e  f l a s h i n g  i s  t e m p o r a r i l y  sea led  o r  water -  
p roo fed  as r e q u i r e d .  The f l a s h i n g ,  which extends ove r  t h e  D i a g n o s t i c  

A f t e r  the  D i a g n o s t i c  P l a t f o r m  i s  i n s t a l l e d ,  t h e  h o i s t  r i n g s  a r e  
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P la t fo rm,  p r o v i d e s  two f u n c t i o n s .  I t  w i l l  c a r r y  away any s imu la ted  r a i n -  
f a l l  from t h e  membrane, and i t  p rov ides  a r a d i a t i o n  b a f f l e  t o  reduce 
r a d i a n t  h e a t i n g  o f  t h e  upper sur face  o f  t h e  D iagnos t i c  P la t fo rm.  Rad ian t  
energy from t h e  i n f r a r e d  h e a t i n g  lamps w i l l  t end  t o  bend t h e  p l a t f o r m  
because more r a d i a n t  h e a t i n g  w i l l  occur  on i t s  upper sur face .  The 
f l a s h i n g  w i l l  reduce t h i s  bending e f f e c t .  

The Z-frame was p r o v i d e d  as a separate p a r t  w i t h i n  t h e  D i a g n o s t i c  
P l a t f o r m  t o  a l l o w  r a p i d  removal o f  a p a r t i c u l a r  r o o f  t e s t  specimen f rom 
t h e  p l a t f o r m .  
concre te  underlayments and i s ,  t h e r e f o r e ,  s t r u c t u r a l l y  adequate f o r  t e s t  
specimens we igh ing  up t o  61.4 kN (13,800 l b ) .  
s t r u c t u r a l  framework t o  a l l o w  removal u s i n g  t h e  l i f t i n g  f i x t u r e  and 
overhead c rane.  The Z-frame a l s o  i s  used d u r i n g  s to rage o f  r o o f  t e s t  
specimens i n  a s to rage r a c k  t h a t  i s  desc r ibed  i n  Sect .  2 .3.2.  
removable h o i s t  r i n g s  a r e  used i n  e i t h e r  t h e  Z-frame o r  D iagnos t i c  
P l a t f o r m  whenever l i f t i n g  i s  done. 

c o n s i s t s  o f  two carbon s t e e l  ang le  i r o n s  t h a t  a r e  j o i n e d  by we ld ing  t o  a 
f l a t  carbon s t e e l  s t r i p ,  thereby  c r e a t i n g  a Z - l i k e  c ross  s e c t i o n .  The 
l e n g t h  o f  t h e  v e r t i c a l  f l a t  s t r i p  may be v a r i e d  i n  f u t u r e  Z-frames t o  meet 
s p e c i f i c  exper imenta l  requi rements.  The i n i t i a l  Z-frames have been f a b r i -  
ca ted  w i t h  an o v e r a l l  h e i g h t  o f  20 cm (8  i n . ) .  
p o s i t i o n  o f  t h e  i n f l a t a b l e  seal  i n  F i g .  27 i s  a t  a f i x e d  e l e v a t i o n .  
There fore ,  i f  t h e  o v e r a l l  h e i g h t  o f  t h e  Z-frame i s  v a r i e d  i n  t h e  f u t u r e ,  
t h e  p o s i t i o n  o f  t h e  D iagnos t i c  P l a t f o r m  must a l s o  be r a i s e d  o r  lowered 
acco rd ing l y .  
a d j u s t a b l e  suppor t  t h a t  can v a r y  51.3 cm (0.5 i n . )  i n  h e i g h t .  
suppor t  c o l l a r s  have been p rov ided  f o r  t h e  e i g h t  suppor t  p o i n t s  so t h a t  
Z-frame h e i g h t s  rang ing  f rom 16.2 cm (6-3/8 i n . )  t o  21.6 cm (8.5 i n . )  may be 
accommodated. 

A t h i n  f l a t  carbon s t e e l  s t r i p  i s  a t tached  t o  t h e  h o r i z o n t a l  upper 

The Z-frame was des igned t o  accommodate r o o f  specimens w i t h  

The dev i ce  p rov ides  a 

The same 

A s  shown i n  t h e  c ross -sec t i ona l  drawing o f  F i g .  28, t h e  Z-frame 

I t i s  noted t h a t  t h e  

T h i s  movement o f  t h e  D iagnos t i c  P l a t f o r m  i s  done w i t h  t h e  
Two s e t s  o f  

sur face  o f  t h e  lowermost ang le  i r o n  o f  t h e  Z-frame. The purpose o f  t h i s  
s t r i p  i s  t o  assure t h a t  t h e  v e r t i c a l  l o a d  bears  on t h e  su r face  o f  t h i s  

b 

c. 
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s t r i p  and no t ,  f o r  example, a t  t h e  outermost  edge o n l y .  Load bear ing  a t  
t h e  o u t e r  l i p  o f  t h e  ang le  i r o n  would c r e a t e  excess ive bending moments f o r  
maximum des ign  loads  which a r e  expected t o  occur  i n  t e s t s  w i t h  concre te  
subs t ruc tu res .  However, t h i s  w i l l  n o t  u s u a l l y  be a f a c t o r  because t e s t  
r o o f  specimens f e a t u r i n g  wooden o r  meta l  r o o f  deck ing  weigh l ess .  Tes t  
specimens exceeding 40 kN (9000 lb )  i n  we igh t  shou ld  be rev iewed w i t h  t h e  
Energy Systems General Eng ineer ing  des ign  s t a f f  t o  assure t h a t  p roper  l o a d  
d i s t r i b u t i o n  i s  ma in ta ined on t h e  Z-frame. 

F i g u r e  29 i s  a photograph showing a Z-frame be ing  lowered i n t o  a 
D i a g n o s t i c  P l a t f o r m  w i t h  t h e  overhead crane. 

and f i v e  Z-frames have been f a b r i c a t e d  t o  suppor t  t h e  i n i t i a l  o p e r a t i o n  o f  
t h e  LSCS. 
used f o r  e i t h e r  t h e  Z-frame o r  t h e  D i a g n o s t i c  P la t fo rms.  The l i f t i n g  f i x -  
t u r e  has an "X" c o n f i g u r a t i o n  w i t h  two d i f f e r e n t  l i f t  p o i n t s  a t  t h e  f o u r  
ends t o  match e i t h e r  t h e  Z-frame o r  t h e  D i a g n o s t i c  P l a t f o r m  dimensions. 
The l i f t i n g  f i x t u r e  was des igned and f a b r i c a t e d  i n  accordance w i t h  ANSI 
S p e c i f i c a t i o n  B30.20: "Below t h e  Hook L i f t i n g  Devices." The f i x t u r e  i s  
des igned f o r  l i f t i n g  u n i f o r m l y  d i s t r i b u t e d  w e i g h t s  up t o  80 kN 
(18,000 lb ) .  The f i x t u r e  has been t e s t e d  a t  ORNL w i th  a 25% o v e r l o a d  o f  
100 kN (22,500 l b s )  i n  accordance w i t h  ANSI s p e c i f i c a t i o n  B30.20. 

As noted  e a r l i e r ,  D i a g n o s t i c  P la t fo rms  add t o  t h e  range o f  p o s s i b l e  
exper iments because they  serve as mounts f o r  s p e c i a l  exper imenta l  equip- 
ment. 
F ig .  30. The upper h a l f  o f  F i g .  30 d e p i c t s  an apparatus f o r  p roduc ing  a 
u n i f o r m  f l o w  o f  a i r  over  a r o o f  su r face  a t  t h e  ambient temperature i n  t h e  
chamber. V a r i a b l e  speed exhaust  fans  c o u l d  be used t o  c r e a t e  a range o f  
v e l o c i t i e s  f rom zero  t o  t h e  maximum p e r m i t t e d  by s i z e  and power 
c o n s t r a i n t s .  The r o l l i n g  door  c o u l d  be remote ly  r e t r a c t e d  i f  d e s i r e d  t o  
expose t h e  r o o f  sur face  i n t e r m i t t e n t l y  t o  s i m u l a t e d  weather c o n d i t i o n s  
w i t h i n  t h e  C l imate  Chamber such as r a i n  o r  i n f r a r e d  hea t ing .  

"vacuum dome" t o  expose r o o f  t e s t  membranes t o  l a r g e  u p l i f t  f o r c e s .  
a d e v i c e  would be used o n l y  i n  cases where t h e  d e s i r e d  pressure  d i f f e r e n c e  

Three D i a g n o s t i c  P la t fo rms  

Th is  photograph a l s o  shows t h e  l i f t i n g  f i x t u r e ,  which may be 

Two a r t i s t ' s  conceptual  drawings o f  such p l a t f o r m s  a r e  shown i n  

The lower  h a l f  o f  F ig .  30 shows an a r t i s t ' s  render ing  o f  a 

Such 
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F i g .  30. Conceptual des igns of Diagnos t i c  P la t fo rms .  
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exceeds t h e  des ign  vacuum u p l i f t  c a p a b i l i t y  o f  t h e  C l ima te  Chamber, which 
i s  1.44 kPa (30 l b / f t 2  l o a d i n g ) .  
D i a g n o s t i c  P l a t f o r m  by a rubber  gasket  w h i l e  t h e  i n t e r i o r  p ressu re  i s  
lowered w i th  a s u i t a b l e  evacua t ion  dev ice.  Based on a recommendation o f  
t h e  RRC Adv iso ry  Panel, t h e  h e i g h t  of such a vacuum dome should be about  
1.5 m ( 5  ft) t o  a l l o w  f o r  s i g n i f i c a n t  membrane b a l l o o n i n g  i n  t e s t s  where a 
r e l a t i v e l y  f l e x i b l e  s i n g l e - p l y  membrane i s  b e i n g  t e s t e d  ( w i t h o u t  mechani- 
c a l  f as tene rs ) .  

The vacuum dome i s  sealed t o  t h e  

2.3.1 Membrane T e n s i l e  T e s t i n q  

I t i s  expected t h a t  some t y p e  o f  membrane t e n s i l e  t e s t i n g  w i l l  be 
done i n  t h e  LSCS. Conceptual des igns f o r  such exper iments were considered 
b u t  no d e t a i l e d  des igns were completed because a d e f i n i t e  exper iment  has 
n o t  been d e f i n e d  y e t .  
f o l l o w s  i s  t o  r e c o r d  these though ts  f o r  f u t u r e  re fe rence .  

The d i s c u s s i o n  o f  these des ign  c o n s i d e r a t i o n s  t h a t  

A t e n s i l e  s t r e s s  s i t u a t i o n  c o u l d  be s e t  up on a specimen by h o l d i n g  
an e x t e r i o r  boundary around t h e  r o o f  membrane i n  a f i x e d  p o s i t i o n  w h i l e  
t h e  membrane i s  sub jec ted  t o  temperature c y c l i n g  w i t h i n  t h e  C l ima te  
Chamber. T h i s  behav io r  would be s i m i l a r  t o  t h a t  o f  a b u i l d i n g  i n  which 
t h e  p e r i m e t e r  o f  t h e  r o o f  remains r e l a t i v e l y  f i x e d  w h i l e  t h e  membrane 
undergoes c o n s i d e r a b l e  temperature c y c l i n g  and r e s u l t a n t  s t r e s s e s .  
approach t o  s i m u l a t i n g  t h i s  s t r u c t u r a l  behav io r  i s  shown i n  F i g .  31. The 
b a s i s  o f  t h i s  D i a g n o s t i c  P l a t f o r m  des ign  i s  t o  p r o v i d e  a r a t h e r  massive 
I-beam s t r u c t u r e  a t  cons tan t  temperature w i t h i n  t h e  Guard Chamber such 
t h a t  i t s  dimensions w i l l  remain cons tan t .  Thermal i n s u l a t i o n  i s  l o c a t e d  
between t h e  I-beam s t r u c t u r e  and t h e  t e s t  membrane t o  i s o l a t e  t h e  two f rom 
severe temperature c y c l i n g  w i t h i n  t h e  C l ima te  Chamber. 
t h e  Me te r ing  Chamber would be k e p t  i n  t h e  lowered p o s i t i o n .  
shows a scheme f o r  a s imple u n d i r e c t i o n a l  s t r e s s  t e s t ,  b u t  t h e  concept i s  
a p p l i c a b l e  f o r  o t h e r  more complex t e s t i n g  as w e l l .  T e n s i l e  t e s t s  by 
o t h e r s  i n  t h e  r o o f i n g  i n d u s t r y  i n d i c a t e  t h a t  such a d e v i c e . s h o u l d  be 
designed f o r  maximum t e n s i l e  l o a d i n g  up t o  about 670 N p e r  l i n e a l  cen- 
t i m e t e r  o f  membrane (150 l b  p e r  l i n e a l  i n c h  o f  membrane). 

D i a g n o s t i c  P l a t f o r m  was a l s o  conceived. T h i s  method would i n v o l v e  t h e  use 

One 

For such a t e s t  
F i g u r e  3 1  

A second method o f  m a i n t a i n i n g  a r a t h e r  f i x e d  boundary a t  t h e  
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o f  t h e  a l l o y  " Inva r , "  which has an e x c e p t i o n a l l y  low c o e f f i c i e n t  o f  expan- 
s i o n  ove r  t h e  range o f  temperatures employed i n  t h e  C l ima te  Chamber 
(see F i g .  32). I n v a r  i s  a t rademark o f  Soc ie te  Crensot-Lo i re  
(METALMPHY), France. 
measuring tapes. 
carbon s t e e l .  
a r e  h i g h  and d e l i v e r y  t imes  a r e  l eng thy .  
I nco rpo ra ted ,  Mahwak, New Jersey,  quoted d e l i v e r y  t imes  o f  f i v e  months and 
1986 c o s t s  o f  $18/kg ($8 / l b ) .  
f i l e  a t  t h e  RRC ( i t e m  6 o f  Appendix A).  

I t  i s  a 36% n i c k e l - i r o n  a l l o y  used i n  surveyors '  
The a l l o y  has s t r e n g t h s  t h a t  g e n e r a l l y  exceed those o f  

The major  disadvantages f o r  use o f  t h e  a l l o y  a r e  t h a t  c o s t s  
A s u p p l i e r ,  Ed Fagan 

The eng ineer ing  d a t a  on I n v a r  a l l o y  a r e  on 

2.3.2 Storaqe Rack Desiqn 

Storage racks  f o r  r o o f  t e s t  specimens a r e  p r o v i d e d  t o  make more 
e f f i c i e n t  use o f  a v a i l a b l e  f l o o r  space i n  t h e  RRC b u i l d i n g .  
s torage r a c k  i s  i n i t i a l l y  b e i n g  b u i l t .  Space i s  a v a i l a b l e  i n  t h e  n o r t h -  
west  c o r n e r  o f  B ldg.  3144 f o r  a second s to rage  r a c k  t h a t  may be b u i l t  i f  
o p e r a t i n g  exper ience demonstrates t h a t  t h e  added storage space i s  needed. 

The des ign  o f  t h e  i n i t i a l  s to rage  r a c k  t h a t  w i l l  h o l d  f i v e  d i f f e r e n t  
Z-frames and t h e i r  r e l a t e d  r o o f  t e s t  specimens i s  shown i n  F i g .  33.  The 
lower  r a c k  i s  rese rved  f o r  heavy (e.g. ,  conc re te )  t e s t  specimens weighing 
up t o  71.2 kN (16,000 l b ) .  The f o u r  upper r a c k s  a r e  designed f o r  specimens 
n o t  exceeding 35.6 kN (8000 lb ) .  

o r  metal  r o o f  t e s t  deck specimens. The overhead crane w i l l  be used t o  s e t  
t h e  uppermost specimen d i r e c t l y  on t o p  o f  t h e  s to rage  r a c k .  Crane access 
t o  t h e  l o w e s t  s to rage  r a c k  i s  o b t a i n e d  by moving t h i s  u n i t  ou t  f rom under 
t h e  r a c k  w i t h  f o u r  l a r g e  wheels which r o l l  d i r e c t l y  on t h e  conc re te  f l o o r .  
Removable ex tens ion  r a i l s  and an end suppor t  s t r u c t u r e  a r e  r e q u i r e d  so t h e  
overhead crane can have access t o  t h e  t h r e e  specimens a t  t h e  i n t e r m e d i a t e  
l e v e l s .  The end suppor t  s t r u c t u r e  and t h e  ex tens ion  r a i l s  w i l l  be s t o r e d  
on t h e  s i d e  o f  t h e  s to rage  r a c k  when n o t  i n  use t o  make t h e  space i n  f r o n t  
o f  t h e  s to rage  r a c k  a v a i l a b l e  f o r  o t h e r  purposes. 

Only  one 

The upper racks  w i l l  have adequate c a p a c i t y  t o  s t o r e  t y p i c a l  wooden 

2.4 ROOF TEST SPECIMEN DESIGN 

There a r e  two c a t e g o r i e s  o f  t e s t  specimen des igns  f o r  t h e  LSCS, 
depending on whether t h e  t e s t  program c a l l s  f o r  use o f  t h e  M e t e r i n g  
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Chamber. 
dynamic temperature c y c l i n g  t o  d u p l i c a t e  r e a l  weather e f f e c t s .  The 
M e t e r i n g  Chamber i s  t o  be i n  t h e  lowered p o s i t i o n  and n o t  be i n  use. 
R e s u l t s  f rom outdoor  exposure t e s t s  conducted a t  t h e  ORNL w i t h  t h e  
r o o f  thermal  research  apparatus ( R T R A ) w i l l  be used t o  c o r r e l a t e  LSCS c l i -  
mate c o n d i t i o n s  and measured weather da ta .  The r e s u l t s  o f  t h e  RTRA t e s t s  
a r e  t o  be extended t o  ex t reme ly  c o l d  c l i m a t e s  u s i n g  t h e  c a p a b i l i t i e s  o f  
t h e  LSCS. 
t e s t e d  s ide-by-s ide on a s i n g l e  D i a g n o s t i c  P l a t f o r m .  Three o f  these a r e  
conven t iona l  i n s u l a t e d  r o o f  systems u s i n g  f i b e r g l a s s ,  expanded p o l y s t y r e n e ,  
and p h e n o l i c  foam i n s u l a t i o n ,  r e s p e c t i v e l y .  The f o u r t h  examines hea t  f l o w  
measurement techniques f o r  c a v i t i e s  i n s u l a t e d  w i t h  r e f l e c t i v e  b a r r i e r s .  
M e t a l  r o o f  deck ing spans t h e  f u l l  3.9-m ( 1 2 - f t  9 - i n . )  d imension o f  t h e  
Z-frame s t r u c t u r e  w i t h  added r e i n f o r c i n g  f rom wooden r a f t e r - l i k e  members 
t h a t  d i v i d e  t h e  r o o f  specimen i n t o  f o u r  quadrants ,  
o f  m o d i f i e d  bi tumen cove rs  a l l  f o u r  quadrants  o f  t h e  t e s t  specimen. 

For example, t h e  f i r s t  t e s t  s e r i e s  p lanned f o r  t h e  LSCS i n v o l v e s  

Four 1.8 x 1.8 in (6  x 6 f t)  r o o f  t e s t  specimens a r e  t o  be 

A s i n g l e - p l y  membrane 

The des ign  o f  a roof t e s t  specimen f o r  use i n  c o n j u n c t i o n  w i t h  t h e  
M e t e r i n g  Chamber ( i . e . ,  f o r  guarded hot-box o p e r a t i o n )  i s  more complex 
than  t h e  specimen d e s c r i b e d  above. A more complex des ign  i s  necessary 
because such a r o o f  t e s t  specimen must p r o v i d e  a s e a l i n g  s u r f a c e  on i t s  
unders ide  f o r  t h e  double-P rubber  gasket ,  which i s  l o c a t e d  a t  t h e  t o p  o f  
t h e  M e t e r i n g  Chamber. The double-P gasket  i s  deformed t o  e f f e c t  a seal  as 
t h e  M e t e r i n g  Chamber i s  h y d r a u l i c a l l y  r a i s e d  i n t o  p o s i t i o n  a g a i n s t  t h e  
bot tom o f  t h e  t e s t  specimen. Therefore,  a f l a t ,  a i r - t i g h t  s e a l i n g  su r face  
i s  r e q u i r e d  on t h e  bot tom s i d e  o f  t h e  specimen t o  mate t h e  rubber  seal  on 
t h e  M e t e r i n g  Chamber p e r i m e t e r .  An exploded v iew o f  a t y p i c a l  guarded 
hot-box t e s t  specimen i s  shown i n  F i g .  34.  An added s t r u c t u r e  i s  needed 
f o r  a guarded t e s t  specimen, which i s  i d e n t i f i e d  i n  F i g ,  34 as t h e  
specimen suppor t .  The i n n e r  2.4-rn (8 - f t )  square framework o f  t h e  specimen 
suppor t  matches t h e  p e r i m e t e r  o f  t h e  M e t e r i n g  Chamber and p r o v i d e s  t h e  
f l a t  s e a l i n g  su r face .  

The i n n e r  framework o f  t h e  specimen suppor t  must be des igned so t h a t  
i t  p r o v i d e s  thermal  i n s u l a t i o n  as w e l l  as s t r u c t u r a l  s t r e n g t h .  It 

becomes a v e r t i c a l  ex tens ion  o f  t h e  i n s u l a t e d  M e t e r i n g  Chamber w a l l s .  
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Fiberg lass-epoxy I-beams spray-coated w i t h  foam i n s u l a t i o n  may be can- 
d i d a t e s  f o r  t h i s  a p p l i c a t i o n .  
l o c a l  s u p p l i e r s  such as J .  T. Ryerson & Sons, I n c . ,  i n  Chattanooga, 
Tennessee. 

F iberg lass-epoxy beams a r e  a v a i l a b l e  f rom 

The specimen suppor t  i s  a l s o  needed f o r  guarded hot-box t e s t  spec i -  
mens t o  i n t e r r u p t  t h e  h i g h  thermal  c o n d u c t i v i t y  h e a t  p a t h  t h a t  i s  c r e a t e d  
by t h e  meta l  deck ing  such a s  t h a t  shown i n  t h e  r o o f  t e s t  specimen o f  
F i g ,  3 4 .  The thermal  c o n d u c t i v i t y  o f  t h e  meta l  deck ing  i s  about  ibs50O 

t imes  t h a t  o f  t h e  i n s u l a t i o n  i n  t h e  w a l l s  o f  t h e  Me te r lng  Chamber and it, 
t h e r e f o r e ,  would p r o v i d e  a s i g n i f i c a n t  thermal  b r i d g e  f rom t h e  Me te r ing  
Chamber t o  t h e  Guard Chamber un less  i t  i s  i n t e r r u p t e d  a t  t h e  double-P 
gasket  area. The Specimen Support  framework would a l l o w  such a thermal  
break t o  be made i n  t h e  meta l  deck ing  w h i l e  s t i l l  p r o v i d i n g  t h e  needed 
suppor t  o f  t h e  r o o f  t e s t  specimen. 

3. OPERATION 

The successfu l  shakedown and o p e r a t i o n  o f  t h e  LSCS was demonstrated 
d u r i n g  an acceptance t e s t  p e r i o d  t h a t  s t a r t e d  i n  September 1987 and 
l a s t e d  about 4 . 5  months. 
chamber and i t s  r e l a t e d  systems were f o r m a l l y  accepted f rom V i s t a  
S c i e n t i f i c  Corpo ra t i on  i n  mid-January 1988. I n  t h e  a u t h o r ' s  o p i n i o n ,  t h e  
acceptance t e s t s  were completed i n  a reasonable t i m e  p e r i o d  f o r  a machine 
o f  t h i s  c o m p l e x i t y  and o f  o r i g i n a l  des ign.  

The acceptance t e s t s  were completed and the  

No major  r e v i s i o n s  were found t o  be necessary d u r i n g  t h e  shakedown 
and acceptance t e s t i n g  o f  t h e  LSCS. 
equipment, t h e  vendor d id  make a number o f  system r e v i s i o n s  t o  r e p l a c e  
d e f e c t i v e  components o r  t o  improve system performance to meet t h e  speci -  
f i e d  requi rements.  The system r e q u i r i n g  t h e  most a t t e n t i o n  was t h e  
c h i l l e d  wa te r  c i r c u i t ,  which p r o v i d e s  ambient h e a t i n g  o r  c o o l i n g  f o r  t h e  
M e t e r i n g  and Guard Chambers. To improve dynamic system response, a l a r g e r  
hea t  exchanger was i n s t a l l e d  t o  t r a n s f e r  h e a t  f rom r e f r i g e r a n t  502 t o  
t h e  c h i l l e d  water .  A l so ,  i t  was necessary t o  move c o n t r o l  v a l v e s  and by- 
pass c i r c u i t s  c l o s e r  t o  t h e  Me te r ing  Chamber t o  sho r ten  response t imes .  
I t  was a l s o  necessary t o  p r o v i d e  t h r e e  separate wa te r  r e t u r n  l i n e s  

However, as m i g h t  be expected on new 
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t o  t h e  c h i l l e d  wa te r  expansion t a n k  so t h a t  f l o w  r a t e  changes i n  one wa te r  
c i r c u i t  would have lessened e f f e c t s  on t h e  o t h e r s .  Refer  t o  F i g .  19 i n  
Sect.  2.2.3.1 f o r  a schematic drawing o f  t h e  f i n a l ,  a s - b u i l t  p i p i n g  con- 
f i g u r a t i o n  f o r  t h e  Me te r ing  Chamber c h i l l e d  wa te r  systems. 

The f i n a l  c o n s t r u c t i o n  c o n t r a c t  e f f o r t  o f  vendor personnel  was a 
two-day o p e r a t o r  t r a i n i n g  sess ion t h a t  was performed a f t e r  t h e  acceptance 
t e s t s  were completed. 
c o n j u n c t i o n  w i t h  use o f  a vendor-prepared i n s t r u c t i o n  and maintenance 
manual. The o p e r a t o r  t r a i n i n g  was completed on January 28, 1988, and t h e  
c o n t r a c t o r  l e f t  t h e  j o b  s i t e  a t  t h a t  t ime .  

The “hands-on’! o p e r a t o r  t r a i n i n g  was performed i n  

3 . 1  SYSTEM LIMITATIONS AND PRECAUTIONS 

A complete understanding o f  each component’s l i m i t a t i o n s  i n  t h e  LSCS 
can o n l y  be o b t a i n e d  by pe rusa l  o f  t h e  i n d i v i d u a l  component c a t a l o g s  and 
t h e  LSCS I n s t r u c t i o n s  and Maintenance Manual. These documents a r e  
a v a i l a b l e  a t  B ldg.  3114 o f  t h e  RRC as l i s t e d  i n  Appendix A .  There w i l l  be 
no a t tempt  here t o  d u p l i c a t e  t h e  d e t a i l e d  i n f o r m a t i o n  t h e y  c o n t a i n  b u t  
some o f  t h e  major  p r e c a u t i o n s  w i l l  be reviewed. 

The two r e f r i g e r a t i o n  compressors f o r  t h e  C l ima te  Chamber a r e  t h e  
most expensive mechanical components i n  t h e  system and a s  such deserve 
s p e c i a l  a t t e n t i o n .  The most l i k e l y  cause o f  damage t o  t h e  compressors 
would be f rom l o s s  o f  o i l  l u b r i c a n t  o r  f rom r e t u r n  o f  l i q u i d  r e f r l g e r a n t  
t o  t h e  r e c i p r o c a t i n g  compressors ( i . e . ,  “ l i q u i d  s lugg ing ” ) .  
ca re  must be used i n  e a r l y  o p e r a t i o n s  t o  ensure t h a t  t h e  l u b e  o i l  system 
i s  checked and reco rded  d a i l y  f o r  p roper  o i l  l e v e l s  and o i l  p ressu res  
i n  b o t h  s i n g l e -  and two-stage o p e r a t i o n .  

P a r t i c u l a r  

I n  o r d e r  t o  p r o t e c t  t h e  compressors f rom l i q u i d  s lugg ing ,  t h e  systems 
a r e  equipped w i t h  automat ic  pumpdown c i r c u i t s  and crankcase a i l  hea te rs .  
The crankcase h e a t e r s  a re  energ i zed  anyt ime t h e  main power t o  t h e  f a c i l -  
i t y  i s  on as i n d i c a t e d  a t  t h e  main c o n t r o l  panel .  
damage t o  t h e  compressors, t h e  main power should be l e f t  on a t  a l l  t imes .  
I f  t h e  crankcase h e a t e r s  a r e  t u r n e d  o f f  due t o  maintenance o r  a pro longed 
e l e c t r i c  power outage, t h e  h e a t e r s  must be a c t i v a t e d  f o r  app rox ima te l y  
8 h b e f o r e  s t a r t - u p  o f  t h e  compressors. 

To a v o i d  expensive 
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The automat ic  pumpdown systems opera te  every  t i m e  t h e  compressors a r e  
shu t  down. When t h e  r e f r i g e r a t i o n  s w i t c h  on t h e  main c o n t r o l  panel  i s  
t u r n e d  o f f ,  a l l  s o l e n o i d  c o n t r o l  va l ves  c l o s e  and t h e  compressors con t inue  
t o  ope ra te  u n t i l  t h e  r e f r i g e r a n t  i s  pumped o u t  o f  t h e  compressors. When 
t h e  s u c t i o n  pressure  reaches t h e  s e t t i n g  on t h e  l ow  pressure  c u t o u t ,  t h e  
compressors w i l l  t hen  t u r n  o f f .  

Concern f o r  s a f e t y  o f  personnel  w i t h i n  t h e  chamber i s  no ted  aga in  
here  f o r  emphasis. Pro longed exposure t o  t h e  temperatures near  e i t h e r  t h e  
h i g h  o r  l ow o p e r a t i n g  temperature l i m i t s  o f  t h e  chamber c o u l d  be l i f e  
t h r e a t e n i n g .  There fore ,  e n t r y  i n t o  t h e  chambers must be c a r e f u l l y  
c o n t r o l l e d  and a d m i n i s t r a t i v e l y  accounted f o r .  
w i t h i n  t h e  chambers must be p e r i o d i c a l l y  checked t o  assure t h a t  t h e  ORNL 
f i r e  department would respond q u i c k l y  i n  t h e  u n l i k e l y  event  t h a t  someone 
i s  unab le  t o  e x i t  f rom e i t h e r  t h e  Guard Chamber o r  t h e  C l ima te  Chamber. 

The te lephones l o c a t e d  

Automat ic  f i r e  s p r i n k l e r s  have been i n s t a l l e d  i n  b o t h  t h e  C l ima te  
Chamber and Guard Chamber t o  meet requ i rements  o f  t h e  ORNL f i r e  depar t -  
ment. These s p r i n k l e r s ,  though necessary, p r o v i d e  a smal l  measure o f  r i s k  
t o  t h e  chamber i f  t h e y  were t o  a c c i d e n t a l l y  a c t i v a t e  when no one was p resen t  
and t h e  wa te r  c o u l d  n o t  d r a i n  o u t  o f  t h e  chambers. I t  i s  recommended t h a t  
t h e  d r a i n  l i n e s  f rom b o t h  chambers be m o d i f i e d  t o  remove t h e  s h u t - o f f  
va l ves  i n  t h e  d r a i n  l i n e s  so t h a t  t h e  l i n e s  w i l l  be open a t  a l l  t imes.  
The va l ves  c o u l d  be rep laced  by  smal l  nonsiphoning l i q u i d  t r a p s  t h a t  
accommodate t h e  normal range o f  o p e r a t i n g  pressures  w i t h i n  t h e  chambers. 
These new t r a p s  would p r o v i d e  au tomat ic  d ra inage o f  water  f rom e i t h e r  t h e  
f i r e  s p r i n k l e r s  o r  f rom a r a i n  s i m u l a t i o n  system w i t h i n  t h e  C l ima te  Chamber. 

P recau t ions  shou ld  be taken t o  assure t h a t  fume bu i l d -up  does n o t  
occur  i n  t h e  C l imate  Chamber f rom out -gass ing  o f  membrane produc ts ,  par-  
t i c u l a r l y  d u r i n g  t e s t s  a t  t h e  h i g h e r  o p e r a t i n g  temperatures.  The hydro- 
carbon d e t e c t i o n  system, wh ich  i s  l o c a t e d  near  t h e  personnel  access door  
a t  t h e  southwest co rne r ,  w i l l  a u t o m a t i c a l l y  a la rm i f  s i g n i f i c a n t  hydrocar-  
bon l e v e l s  occur .  The C l ima te  Chamber exhaust  system may be used t o  purge 
t h e  C l ima te  Chamber w i t h  f r e s h  a i r  p r i o r  t o  personnel  e n t r y  i f  t h e r e  i s  

any concern about  contaminate l e v e l s  i n  t h e  a i r  w i t h i n  t h e  C l ima te  
Chamber. 
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F u l l - f l o w  f i l t e r s  a r e  p r o v i d e d  i n  t h e  c h i l l e d  wa te r  c i r c u i t  p r i m a r i l y  
t o  p r o v i d e  p r o t e c t i o n  f o r  t h e  w a t e r - l u b r i c a t e d  b e a r i n g  i n  t h e  t u r b i n e  
meter t h a t  measures wa te r  f l o w  r a t e s  t o  t h e  Me te r ing  Chamber. 
p a r a l l e l  20-pm f i l t e r s  a re  p r o v i d e d  a t  t h e  main water  pump i n l e t ,  and 
a f i n e r  f i l t e r  i s  p r o v i d e d  j u s t  upstream o f  t h e  t u r b i n e  meter .  
F i g .  19, Sect .  2.2.3.1, f o r  t h e  f l o w  schematic o f  t h i s  water  system.) 
These f i l t e r s  d id  become r e s t r i c t e d  and develop excess ive p ressu re  drops 
d u r i n g  t h e  system clean-up and shakedown. Therefore,  t h e  f i l t e r  p ressu re  
drops w i l l  r e q u i r e  s u r v e i l l a n c e  d u r i n g  i n i t i a l  o p e r a t i o n  o f  t h e  LSCS t o  
assure t h a t  p l u g g i n g  does n o t  occur  again.  
upstream o f  water  pump PMP-1 reduce t h e  s u c t i o n  p ressu re  o f  t h e  pump i f  
t h e y  become r e s t r i c t e d .  R e s t r i c t e d  f i l t e r s  he re  can cause a sudden and 
near t o t a l  l o s s  o f  f l o w  i n  t h e  water  c i r c u i t  by causing t h e  pump t o  
c a v i t a t e  when t h e  f i l t e r s  become p a r t i a l l y  c logged. 
proves t o  be troublesome, i t  may be necessary t o  r e l o c a t e  t h e  20-pm 
f i l t e r s  t o  t h e  pump d i scha rge  l i n e  o f  c e n t r i f u g a l  pump PMP-1 f rom t h e i r  
p r e s e n t  l o c a t i o n  i n  t h e  pump i n l e t  l i n e .  

Two 

(Re fe r  t o  

It i s  no ted  t h a t  t h e  f i l t e r s  

I f  t h i s  f e a t u r e  

An 18-kW steam genera to r  i s  p r o v i d e d  on t h e  equipment s k i d  a t  t h e  
south w a l l  o f  t h e  LSCS p i t  t o  add h u m i d i t y  t o  t h e  C l ima te  Chamber and 
Guard Chamber, as r e q u i r e d .  Steam genera to rs  r e q u i r e  c a r e f u l  o p e r a t i o n  t o  
assure t h a t  p roper  feed  water  i s  ma in ta ined  and t h a t  no excess ive 
pressures occur due t o  ove rhea t ing .  
r e q u i r e d  s a f e t y  dev i ces  such as  a pressure r e l i e f  va l ve ,  s i g h t  g lass ,  and 
low water  c u t - o f f .  I t  w i l l  be necessary t o  develop b o i l e r  blow-down pro- 
cedures and schedules based on l o c a l  water  hardness c o n d i t i o n s  and t h e  
amount o f  b o i l e r  use i n  accordance w i t h  t h e  o p e r a t i n g  i n s t r u c t i o n s  l i s t e d  
i n  t h e  I n s t r u c t i o n  and Maintenance Manual, i t e m  8 o f  Appendix A .  

The system i s  equipped w i t h  t h e  

3.2 SYSTEM START-UP 

The LSCS i s  designed w i t h  . f i v e  separate M i c r i s t a r  process c o n t r o l l e r s  
t o  p r o v i d e  g r e a t e r  f l e x i b i l i t y  f o r  system s t a r t - u p .  
i n d i v i d u a l  c o n t r o l l e r s  c o n t r o l  two d i f f e r e n t  parameters, and t h e  d e s i r e d  
p r o f i l e s  o f  these t e n  parameters a r e  programmable. 
o p e r a t i n g  i n s t r u c t i o n s  f o r  t h e  M i c r i s t a r  c o n t r o l l e r s  a r e  a v a i l a b l e  i n  t h e  

Each o f  these f i v e  

Programming and 

4 
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c a t a l o g  f i l e  as l i s t e d  i n  Appendix A .  The M i c r i s t a r  c o n t r o l l e r s  may be 
opera ted  e i t h e r  as t h e  p r imary  means o f  system c o n t r o l  o r ,  a l t e r n a t i v e l y ,  
can be operated i n  c o n j u n c t f o n  w i t h  t h e  computer o f  t h e  d a t a  a c q u i s i t i o n  
system. The i n d i v i d u a l  M i c r i s t a r  c o n t r o l l e r s  can accept  r e p e a t a b l e  
programs o f  up t o  49 s t r a i g h t - l i n e  ramp increments.  I n  a d d i t i o n  t o  
o v e r a l l  c o o r d i n a t i o n  o f  t h e  o p e r a t i n g  sequences o f  t h e  i n d i v i d u a l  
c o n t r o l l e r s ,  t h e  LSCS d a t a  a c q u i s i t i o n  computer system w i l l  be used f o r  
c o n t r o l  whenever t e s t  programs r e q u i r e  t e s t  sequences more complex than  
l i n e  ramps can pe r fo rm or f o r  t e s t s  where s t r a i g h t - l i n e  parameter ramps 
a r e  unacceptable,  I t  i s  noted t h a t  t h e  f l e x l b i l i t y  o f  t h i s  system was 
p a r t i c u l a r l y  u s e f u l  d u r i n g  acceptance t e s t i n g  where i n d i v i d u a l  systems 
c o u l d  be c o n t r o l l e d  and t e s t e d  b e f o r e  t h e  e n t i r e  d a t a  a c q u i s i t i o n  system 
was operable.  L ikewise,  t h i s  f l e x i b i l i t y  should be u s e f u l  i n  f u t u r e  
o p e r a t i o n s  a s  t h e  o v e r a l l  computer ized c o n t r o l  system i s  made o p e r a t i o n a l ,  
reprogrammed, o r  mainta ined,  

System s t a r t - u p  i s  begun o n l y  a f t e r  t h e  compressor crankcases have 
been p r o p e r l y  preheated f o r  about 8 h.  As a genera l  r u l e ,  t h e  crank-  
case h e a t e r s  w i l l  be ene rg i zed  a t  a l l  t imes  t o  a l l o w  ins tan taneous  s t a r t -  
up when r e q u i r e d .  A f t e r  programming and e n e r g i z i n g  t h e  c o n t r o l  systems, 
t h e  r e f r i g e r a t i o n  systems may be a c t i v a t e d .  Once s t a r t e d ,  t h e  compressors 
f o r  :he Cl imate,  Me te r ing ,  and Guard Chambers opera te  c o n t i n u o u s l y  because 
hot-gas by-passing i s  used f o r  temperature c o n t r o l  purposes. A d e f r o s t  
system i s  p r o v i d e d  on t h e  expansion c o i l  w i t h i n  t h e  C l i m a t e  Chamber f o r  
use as r e q u i r e d .  I f  o p e r a t i n g  c o n d i t i o n s  r e q u i r e  p e r i o d i c  d e f r o s t i n g ,  t h e  
e l e c t r i c - h e a t e d  d e f r o s t  system i s  ene rg i zed  by a t i m e r  system t h a t  i s  
l o c a t e d  w i t h i n  t h e  c o n t r o l  panel  i n  t h e  C o n t r o l  Room. D u r i n g  d e f r o s t ,  t h e  
a i r  c i r c u l a t i o n  w i t h i n  t h e  C l ima te  Chamber i s  a u t o m a t i c a l l y  i n t e r r u p t e d .  

Dur ing  s t a r t - u p ,  t h e  o p e r a t o r  must dec ide  on a i r  c i r c u l a t i o n  r a t e s  
d e s i r e d  i n  t h e  C l ima te  Chamber and i n  t h e  Me te r ing  Chamber. Only  t h e  
Guard Chamber has a f i x e d  a i r  c i r c u l a t i o n  r a t e .  The C l ima te  Chamber has 
two a i r  f l o w  r a t e s  t h a t  a r e  r e g u l a t e d  from t h e  c o n t r o l  panel  by o p e r a t i n g  
e i t h e r  t h r e e  o r  s i x  o f  t h e  c i r c u l a t i n g  fans,  which a r e  mounted i n  p a r a l l e l  
above t h e  expansion c o i l .  
r e q u i r e d .  A l l  s i x  f ans  may be needed t o  p r o v i d e  t h e  maximum r e f r i g e r a t i o n  

For most t e s t i n g  o n l y  t h r e e  o f  t h e  f a n s  a r e  
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c a p a c i t y  o r  t h e  maximum temperature ramping c a p a b i l i t y  i n  t h e  C l ima te  
Chamber. I n d i v i d u a l  l o u v e r s  a r e  p laced  on t h e  s i x  b lower  d ischarges  t o  
p r o v i d e  u n i f o r m  a i r  f l o w  d i s t r i b u t i o n  across  t h e  C l ima te  Chamber. 

Chambers i s  i n i t i a t e d  by t u r n i n g  t h e  steam genera to r  t o  t h e  "on" p o s i t i o n .  
T h i s  steam genera tor  supp l i es  steam t o  b o t h  chambers as needed. M i c r i s t a r  
c o n t r o l l e r  No. 2, Channel 2, c o n t r o l s  a i r  mo is tu re  i n  t h e  Guard Chamber; 
and c o n t r o l l e r  No. 3, Channel 2, c o n t r o l s  t h e  C l ima te  Chamber's h u m i d i t y .  
D e h u m i d i f i c a t i o n  i s  accomplished by r e f r i g e r a t i o n  c o i l s  i n  b o t h  chambers 
t h a t  a r e  s u p p l i e d  f rom t h e i r  r e s p e c t i v e  r e f r i g e r a t i o n  systems. 

S ta r t -up  o f  t h e  humidity c o n t r o l  systems o f  t h e  C l imate  and Guard 

P r e c i s i o n  dew p o i n t  hygrometers have been added t o  t h e  system t o  
p r o v i d e  accu ra te  mo is tu re  read ings  i n  b o t h  t h e  C l ima te  Chamber and Guard 
Chamber. 
pane ls  l o c a t e d  on t h e  west s i d e  o f  t h e  chamber. The systems a r e  s t a r t e d  
b y  e n e r g i z i n g  t h e  two a i r  sampling pumps t o  pump a i r  f rom t h e  chambers t o  
t h e  sensing heads o f  t h e  hygrometers. 
sens ing heads a r e  mounted i n  tempera tu re -con t ro l l ed ,  i n s u l a t e d  boxes so 

t h a t  mo is tu re  condensat ion w i l l  n o t  occur ,  p a r t i c u l a r l y  when t h e r e  a r e  
h i g h  h u m i d i t y  c o n d i t i o n s  w i t h i n  t h e  chambers. 
t h e r m o s t a t i c a l l y  c o n t r o l l e d  boxes shou ld  be s e l e c t e d  depending on expected 
a i r  mo is tu re  con ten t  of  a p a r t i c u l a r  t e s t  se r ies ;  t h e  sensing heads shou ld  
n o t  be opera ted  i n  an ambient temperature more than  3 3 O C  ( 6 Q O F )  above t h e  
dew p o i n t  temperature t h a t  i s  t o  be measured. 

The requi rements o f  each t e s t  program w i l l  de te rmine  i f  i t  i s  

These hygrometer systems a r e  c o n t r o l l e d  f rom separate c o n t r o l  

The sampling pumps, f i l t e r s  and 

The temperature o f  t h e  

necessary t o  s t a r t  t h e  C l ima te  Chamber p r e s s u r i z i n g  o r  evacuat ion  system, 
as  many t e s t s  w i l l  n o t  r e q u i r e  t h e  use o f  t h i s  system. When r e q u i r e d ,  t h e  
system s e l e c t o r  s w i t c h  on t h e  c o n t r o l  panel  must f i r s t  be manual ly  moved 
t o  e i t h e r  t h e  "pressure"  o r  "vacuum" p o s i t i o n .  
se lec ted ,  t h e  c o n t r o l  va l ves  on t h e  b lower  w i l l  be a u t o m a t i c a l l y  pos i -  
t i o n e d  so t h a t  t h e  b lower  d ischarge i s  d i r e c t e d  i n t o  t h e  chamber t o  main- 
t a i n  t h e  C l ima te  Chamber a t  t h e  d e s i r e d  pressure  l e v e l  above atmospher ic  
p ressure .  
c o n t r o l l e d  t o  d e s i r e d  l e v e l s  by M i c r i s t a r  c o n t r o l l e r  No. 5, Channel 2. I f  
t h e  t e s t  program r e q u i r e s  o p e r a t i o n  o f  t h e  C l ima te  Chamber be low 

I f  t h e  p r e s s u r i z e d  mode i s  

The pressure  i n  t h e  chamber can then be programmed and 
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atmospher ic  p ressure ,  t h e  s e l e c t o r  s w i t c h  must be manua l ly  moved t o  t h e  
"vacuum'1 p o s i t i o n .  T h i s  p o s i t i o n s  t h e  b lower  c o n t r o l  va l ves  t o  connect  
t h e  C l ima te  Chamber t o  t h e  s u c t i o n  o f  t h e  b lower ,  c r e a t i n g  a nega t i ve  
pressure  w i t h i n  t h e  chamber when needed. 

S ta r t -up  o f  t h e  Me te r ing  Chamber w l l l  be t h e  most complex procedure 
because o f  t h e  g r e a t  f l e x i b i l i t y  o f  t h i s  system and because t h i s  system 
r e q u i r e s  t h e  g r e a t e s t  accuracy o f  o p e r a t i o n .  The double-P seal must be  
i nspec ted  t o  assure t h a t  i t  sea ls  e f f e c t i v e l y  t o  t h e  bot tom su r face  o f  t h e  
t e s t  specimen. By p o s i t i o n i n g  t h e  v e r t i c a l l y  a d j u s t a b l e  a i r  b a f f l e  and 
s e l e c t i n g  t h e  f a n  speed, t h e  d e s i r e d  a i r  v e l o c i t y  under t h e  t e s t  specimen 
i s  s e t .  Cont inuous ly  v a r i a b l e  a i r  f l o w  r a t e s  a r e  a v a i l a b l e  w i t h i n  t h e  
Me te r ing  Chamber w i t h  t h e  v a r i a b l e  speed dc powered f a n  motor .  The f a n  
speed i s  c o n t r o l l e d  by  a po ten t i omete r  t h a t  i s  l o c a t e d  on t h e  c o n t r o l  
pane l .  
maximum f a n  speed o f  3000 rpm d u r i n g  acceptance t e s t s  w i t h  t h e  Me te r ing  
Chamber i n  t h e  "up" p o s i t i o n .  

A i r  f l o w  r a t e s  up t o  0.29 m3/s (605 cfm) were demonstrated a t  t h e  

The hea t  l o a d  i n  t h e  Me te r ing  Chamber w i l l  v a r y  g r e a t l y  depending on 

t h e  thermal  r e s i s t a n c e  o f  t h e  t e s t  specimen and t h e  o p e r a t i n g  tem- 
p e r a t u r e s .  Based on t h e  s p e c i f i c  t e s t ,  t h e  o p e r a t o r  w i l l  s e l e c t  t h e  
d e s i r e d  temperature o f  t h e  c i r c u l a t i n g  c h i l l e d  wa te r  systems. 
t o r  must a l s o  s e l e c t  e i t h e r  one o f  s i x  passes i n  t h e  c h i l l e d  wa te r  c o i l  by 

means o f  t h e  manual va l ves  w i t h i n  t h e  Me te r ing  Chamber. 
t h rough  t h e  c h i l l e d  water  c o i l  can a l s o  be v a r i e d  g r e a t l y  u s i n g  by-pass 
v a l v e  RGC-2. (See F i g .  19 i n  Sect .  2.2.3.1.) The f l o w  r a t e  must be low 
enough t o  o b t a i n  a s i g n i f i c a n t  temperature d i f f e r e n c e  i n  t h e  wa te r  as 
measured by t h e  d i f f e r e n t i a l  RTD, TDE-1. I t  i s  no ted  t h a t  t h e r e  c o u l d  be 
t e s t s ,  such a s  s i m u l a t i o n  o f  extreme outdoor  w i n t e r  weather, where t h e r e  
wou ld  be cont inuous  heat  l o s s  f rom t h e  Me te r ing  Chamber. For such t e s t s ,  
t h e  s i m p l e s t  and most accu ra te  hea t  ba lances would be ob ta ined  by u s i n g  
o n l y  t h e  dc powered hea te r  f o r  temperature c o n t r o l .  I n  such a case, t h e  
c h i l l e d  wa te r  c o i l  would be d r a i n e d  a t  v a l v e  VW-15 t o  remove t h i s  unwanted 
mass f rom w i t h i n  t h e  chamber. The d e c i s i o n  must a l s o  be made t o  use 
e i t h e r  t h e  f u l l  6-kW c a p a b i l i t y  o f  t h e  dc powered t r i m  hea te r  o r  t h e  3-kW 
c a p a b i l i t y .  I n  most t e s t s ,  i t  i s  assumed t h a t  t h e  Me te r ing  Chamber a i r  
leakage system w i l l  n o t  be i n  use and f o r  such cases t h e  4 - in .  PVC p i p e  
p e n e t r a t i o n  must be i n s u l a t e d  and sea led  t o  p reven t  a i r  leakage. 

The opera- 

The f l o w  r a t e  
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The detailed start-up instructions of the LSCS Instruction and 

Maintenance Manual give added information on start-up procedures. This 
document is available at the RRC as listed in Appendix A ,  item 8. 

3 . 3  SYSTEM SHUTDOWN 

A typical shutdown of the system would proceed in the following 
man ne r : 

1. Turn the Climate Chamber refrigeration and chilled water refrigeration 
system selector switches to the "off" position. Both refrigeration 
systems will go into an automatic pumpdown mode and continue to run 
until refrigerant pumpdown is complete. 
Turn Climate Chamber main chiller pump selector switch to the "off'* 

position. 

Turn Metering Chamber and Guard Chamber chiller pump selector switches 

to the "off" position. 

Turn Guard Chamber steam generator selector switch to the "off" position. 
Turn Climate Chamber exhaust fume and pressure/vacuum selector 

switches to the "off" positions. 

Turn Metering Chamber trim and fixed heat, Guard Chamber chiller heat, 
and Climate Chamber air heat switches to the "off" position. 

2. 

3. 

4 .  
5.  

6. 

7. Turn Metering, Guard, and Climate Chambers circulation blower switches 
to the "off" position. 

NOTE: The power selector switch should remain i n  t h e  "on" p o s i t i o n  t o  

keep t h e  compressor crankcase o i l  heaters act iva ted .  

3 . 4  UNATTENDED OPERATION 

The LSCS is designed for unattended operation on nights and week- 
ends. Protective circuits will keep the system in a safe condition if 
temperature, pressure, or level indicator limits are exceeded. The 

affected system may then be diagnosed and restarted wheri operators return. 
Examples of such protective circuits are: 

High refrigerant pressure cutout 
Low refrigerant pressure cutout 
Oil pressure safety switches for compressors 
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High  membrane temperature 
H igh  chamber temperature 
H igh  temperature a t  c h i l l e d  wa te r  hea te r  
Low wa te r  l e v e l  i n  steam genera to r  

A common o p e r a t i o n a l  problem f o r  c o n t i n u o u s l y  o p e r a t f n g  exper iments 
i n  t h e  southeas tern  U n i t e d  S ta tes  occurs  i n  t h e  summertime due t o  severe 
e l e c t r i c a l  storms, wh ich  can cause momentary e l e c t r i c a l  power outages. 
When a momentary outage does occur ,  t h e  e n t i r e  system i s  shut  down and 
w i l l  n o t  r e s t a r t  a u t o m a t i c a l l y .  T h i s  n o n - r e s t a r t i n g  f e a t u r e  i s  r e q u i r e d  
because i n  such s i t u a t i o n s  t h e  r e f r i g e r a n t  compressors cannot  complete 
t h e i r  normal au tomat ic  r e f r i g e r a n t  pumpdown c y c l e s .  There fore ,  an auto-  
m a t i c  r e s t a r t  m igh t  damage t h e  compressors, The crankcase hea te rs  i n  t h e  
compressors, o f  course,  w i l l  c o r r e c t  t h i s  problem au to rna t f ca l l y  over  an 
extended p e r i o d  a f t e r  t h e y  a r e  re-energ ized.  However, t h e  opera to rs  a r e  
cau t ioned  t o  o b t a i n  s p e c i a l  i n s t r u c t i o n s  f rom t h e  vendor d u r i n g  any 
unusual  r e s t a r t  s i t u a t i o n  because procedures may v a r y  depending on ou tdoor  
temperatures,  l e n g t h  o f  t h e  power outage, e t c .  

3 .5  PERFORMANCE TEST DATA 

T h i s  s e c t i o n  o f  t h e  r e p o r t  w i l l  show t y p i c a l  performance d a t a  taken 
d u r i n g  t h e  acceptance t e s t s  O F  t h e  LSCS. The acceptance t e s t s  
demonstrated t h a t  t h e  equipment met t h e  s p e c i f i e d  performance r e q u i r e -  
ments. Dur ing  these t e s t s  a dummy t e s t  s e c t i o n  was i n s t a l l e d  t h a t  had 
an R-value o f  about  10. Whi le  t e s t s  were under way t h e  v a r i o u s  systems 
were under t h e  c o n t r o l  o f  t h e i r  r e s p e c t i v e  M i c r i s t a r  c o n t r o l l e r s .  There 
was no superv i so ry  c o n t r o l  o f  t h e  M i c r i s t a r  c o n t r o l l e r s  by  t h e  d a t a  
a c q u i s i t i o n  system computer, because t h e  programrnlng f o r  t h i s  system was 
n o t  y e t  a v a i l a b l e .  However, t h e  d a t a  a c q u i s i t i o n  system and p r i n t e r /  
p l o t t e r  was o p e r a t i o n a l  and t h e  subsequent d a t a  p l o t  was taken f rom t h i s  
equipment. 

The f o l l o w i n g  t y p i c a l  t e s t  d a t a  have been s e l e c t e d  f rom t h e  t h r e e  
d i f f e r e n t  chambers o f  t h e  LSCS: t h e  C l imate ,  Guard, and t h e  Me te r ing  
Chambers. Ambient temperatures i n  a l l  t h r e e  chambers a r e  mon i to red  by 
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p l a t i n u m  RTOs, and each chamber was s p e c i f i e d  t o  be capable o f  steady- 
s t a t e  o p e r a t i o n  w i t h i n  +_0.loC (k0.2OF). 
each o f  t h e  t h r e e  chambers met o r  exceeded t h i s  c r i t e r i o n .  

F igu res  35, 36, and 37 show t h a t  

The temperature ramping c a p a b i l i t y  o f  t h e  C l ima te  Chamber i s  shown i n  
F i g .  38. 
d i s t r i b u t e d  around t h e  f l o o r  o f  t h e  C l ima te  Chamber. The added mass was 
i n s t a l l e d  because t h e  dummy t e s t  specimen was n o t  mounted on a D i a g n o s t i c  
P l a t f o r m  d u r i n g  t h e  acceptance t e s t s .  The s t e e l  we igh ts  p r o v i d e d  thermal 
mass e f f e c t s  s i m i l a r  t o  those o f  a D i a g n o s t i c  P l a t f o r m  d u r i n g  dynamic 
acceptance t e s t i n g .  
s t r a i g h t - l i n e  increments because t h i s  i s  t h e  normal mode o f  programmed 
c o n t r o l  f o r  t h e  M i c r i s t a r  c o n t r o l l e r s .  I t  i s  no ted  t h a t  b o t h  t h e  s e t p o i n t  
and process v a r i a b l e  a r e  p l o t t e d  i n  F ig .  38 and i n  a l l  subsequent 
d a t a  p l o t s  o f  temperature ramping c a p a b i l i t y .  E x c e l l e n t  t r a c k i n g  o f  t h e  
C l ima te  Chamber ambient temperature w i t h  t h e  s e t p o i n t  i s  demonstrated. 
The s p e c i f i e d  maximum C l ima te  Chamber h e a t i n g  r a t e  o f  53OC (95OF) pe r  
hour  was a l s o  demonstrated i n  t h i s  p a r t i c u l a r  t e s t .  

The temperature ramping c a p a b i l i t y  o f  t h e  Guard Chamber i s  shown i n  

For t h i s  t e s t ,  about 8.9 kN (2000 lb )  o f  s t e e l  we igh ts  were 

The C l ima te  Chamber temperatures was v a r i e d  i n  

F i g .  39. The agreement between t h e  s e t p o i n t  and t h e  Guard Chamber ambient 
temperature was e x c e l l e n t  u n t i l  c o n t r o l  c o n d i t i o n s  were i n t e n t i o n a l l y  
a l t e r e d  near t h e  end o f  t h e  t e s t .  T h i s  t e s t  demonstrated t h a t  t h e  maximum 
s p e c i f i e d  Guard Chamber h e a t i n g  and c o o l i n g  r a t e s ,  which a r e  i d e n t i c a l  a t  
l l ° C  (2O0F), p e r  hour a r e  achievable.  
a b i l i t y  t o  operate r e l i a b l y  and unattended d u r i n g  t h i s  o v e r n i g h t  t e s t  
sequence. 

p e r a t u r e  i s  shown i n  F i g .  40. The agreement between t h e  s e t p o i n t  and t h e  
ambient temperature was n o t  as good as i n  t h e  o t h e r  chambers b u t  t h e  t e s t  
does demonstrate t h e  chamber's a b i l i t y  t o  meet t h e  s p e c i f i e d  maximum 
h e a t i n g  r a t e  o f  l l ° C  (ZOOF) p e r  hour.  A s  has been no ted  e a r l i e r ,  t h e  
Me te r ing  Chamber's temperature c o n t r o l  system and f l e x i b i l i t y  a r e  t h e  most 
complex o f  any i n  t h e  LSCS and w i l l  r e q u i r e  more o p e r a t o r  exper ience t o  
o b t a i n  optimum performance. 
M i c r i s t a r  c o n t r o l l e r  f o r  t h e  Me te r ing  Chamber's ambient temperature must 

The t e s t  a l s o  proved t h e  system's 

An upward temperature ramp o f  t h e  Me te r ing  Chamber's ambient tem- 

For example, t h e  g a i n  and r e s e t  o f  t h e  

, 
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be changed when go ing  f rom optimum s teady-s ta te  o p e r a t i o n  t o  a temperature 
ramp. T h i s  a l t e r a t i o n  can be done a u t o m a t i c a l l y  by t h e  oversee ing  
computer o f  t h e  d a t a  a c q u i s i t i o n  system, but  i t  w i l l  r e q u i r e  exper ience as 
w e l l  as t h e  programming so f tware ;  n e i t h e r  was a v a i l a b l e  a t  t h e  t i m e  o f  
t h i s  acceptance t e s t .  

Humid i t y  c o n t r o l  i s  p r o v i d e d  i n  t h e  C l ima te  and Guard Chambers ove r  
t h e  l i m i t e d  dew p o i n t  range of 3 t o  5OoC (37  t o  122'F) w i t h  a s p e c i f i e d  
dew p o i n t  t o l e r a n c e  o f  +0.5OC ( + l ° F . )  F igu res  4 1  and 42 show t y p i c a l  
performance d a t a  as t h e  c o n t r o l s  were a d j u s t e d  t o  o b t a i n  r e l a t i v e l y  s t a b l e  
m o i s t u r e  c o n d i t i o n s  a t  s teady-s ta te  ambient temperatures The d a t a  a r e  
p l o t t e d  as r e l a t i v e  h u m i d i t y  because t h e  mo is tu re  c o n t r o  l e r  measures a i r  
mo is tu re  c o n t e n t  i n  t h i s  manner. Ry use of  a psychromet f c  c h a r t ,  i t  can 
e a s i l y  be shown t h a t  t h e  h u m i d i t y  c o n t r o l  was w e l l  w i t h i n  t h e  s p e c i f i e d  
dew p o i n t  t o l e r a n c e  a f t e r  i n i t i a l  c o n t r o l  ad jus tments  were completed. 

The opera to rs  a r e  forewarned t h a t  p r e c i s e  dew p o i n t  o r  humidity 

c o n t r o l  can be ma in ta ined  only d u r i n g  s teady-s ta te  temperature o p e r a t i o n  
w i t h i n  t h e  chambers. For  example, d u r i n g  sharp upward ambient temperature 
ramps t h e  sur face  mass w i t h i n  t h e  chambers l a g s  beh ind  t h e  a i r  tem- 
pe ra tu re .  A t  such t imes,  these r e l a t i v e l y  c o o l  sur faces  a c t  as  l a r g e  con- 
dens ing  areas t h a t  t e m p o r a r i l y  overwhelm t h e  mo is tu re  c o n t r o l  c a p a b i l i t i e s  
o f  t h e  system. 

T h i s  s e c t i o n  on performance t e s t  d a t a  has r e p o r t e d  o n l y  a smal l  

p o r t i o n  o f  t h e  d a t a  accumulated d u r i n g  t h e  LSCS acceptance t e s t s ,  
f u r t h e r  i n f o r m a t i o n ,  see t h e  Acceptance Tes t  Repor t ,  wh ich  was prepared by 
V i s t a  S c i e n t i f i c  Corpo ra t i on  a t  t h e  comple t ion  o f  acceptance t e s t i n g .  
T h i s  i n t e r n a l  r e p o r t  i s  a v a i l a b l e  a t  t h e  RRC (see i t e m  9 i n  Appendix A o f  

t h i s  r e p o r t ) .  Completion o f  t h e  acceptance t e s t i n g  o f  t h e  LSCS was a 
major  m i les tone  f o r  t h e  Roof Research Program a t  ORNL because t h e  opera- 
t i o n a l  phase o f  r o o f  t e s t i n g  c o u l d  then  beg in  i n  t h e  LSCS. 

For  

4 .  SUMMARY 

T h i s  r e p o r t  desc r ibes  t h e  des ign  and c o n s t r u c t i o n  a c t i v i t i e s  wh ich  
occu r red  d u r i n g  a 2.5-year p e r i o d  a t  ORNL. The r e s u l t  of t h i s  e f f o r t  i s  
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a new b u i l d i n g  c o n t a i n i n g  t h e  LSCS f o r  use i n  f u t u r e  r o o f  research  work by 
i n d u s t r y ,  academia, and goverment agencies.  

T h i s  r e p o r t  has been prepared i n  t h e  hope t h a t  i t  w i l l  serve as a 
r e f e r e n c e  document t o  a i d  f u t u r e  users o f  t h i s  complex f a c i l i t y .  A s  a 
n a t i o n a l  user  f a c i l i t y ,  i t  i s  expected t h a t  a p o r t i o n  o f  t h e  LSCS e x p e r i -  
mental  s t a f f  w i l l  be c o n s t a n t l y  changing th roughou t  i t s  u s e f u l  l i f e t i m e ,  
Therefore,  t h e  i n f o r m a t i o n  h e r e i n  r e l a t e d  t o  t e s t  c a p a b i l i t i e s ,  f e a t u r e s  
o f  t h e  d a t a  a c q u i s i t i o n  system, d e t a i l e d  des ign  f e a t u r e s ,  system l i m i t a -  
t i o n s ,  e t c . ,  should be o f  i n t e r e s t  t o  each new exper imenter .  The au tho r ,  
who r e c e n t l y  r e t i r e d  from ORNL, wishes success t o  t h e  researchers  as t h e y  
e n t e r  t h i s  c h a l l e n g i n g  arena t o  p r o v i d e  p r a c t i c a l ,  t h e r m a l l y  e f f i c i e n t ,  
l o n g - l i v e d  r o o f i n g  systems f o r  t h e  U n i t e d  S ta tes .  
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APPENDIX A 

LSCS INTERNAL DOCUMENTATION ON FILE AT THE ROOF RESEARCH CENTER 
OAK RIDGE NATIONAL LABORATORY 

Date o f  Approximate 
I tem D e s c r i p t i o n  p r e p a r a t i o n  number o f  paqes 
1 a. Roof Tes t  Chamber June 14. 1985 63 

Procurement S p e c i f i c a t i o n  
ES-A4145A-1 prepared by 
MMES Eng ineer ing  a$ ORNL 

b. Amendment No. 1 
V i s t a  S c i e n t i f i c  Corp. 
Proposal  w i t h  Design 
C a l c u l a t i o n s ,  Volume I 
D e t a i l  drawings as prepared 
by subcon t rac to r  o f  each 
wooden panel  which makes 
up t h e  chamber w a l l s ,  f l o o r ,  
and c e i l i n g  as prepared 
by subcon t rac to r  

I n t e g r a t e d  System T e s t  P lan 
prepared by  V i s t a  S c i e n t i f i c  
Corpo ra t i on  
C a l c u l a t i o n s  f o r  I n f r a r e d  
L i g h t i n g  System by 
J. P .  Sanders o f  ORNL 
Eng ineer ing  Data on I n v o r  
A l l o y  f rom I n t e r n a t i o n a l  
N i c k e l  Company 
Vendor Ca ta log  Data f o r  
i n d i v i d u a l  components 
I n s t r u c t i o n  and Maintenance 
Manual Rev. A prepared by 
V i s t a  S c i e n t i f i c  Corp. 
Acceptance Tes t  Report  
prepared by V i s t a  
S c i e n t i f i c  Corp. 
I n t e r i m  Users Manual 
Roof Reserch Center 
prepared by ORNL 
Recommended Spare P a r t s  
L i s t  prepared by V i s t a  
S c i e n t i f i c  Corp. 

J u l y  18, 1985 
Sept. 5 ,  1985 

August 1985 

J u l y  1987 

May 1985 

1976 t o  1986 

Aug. 3, 1987 

Jan. 19, 1988 

Jan. 25, 1988 

A p r i l  10, 1987 

Jan. 1988 

3 

100 

200 

40 

60 

40 

n/a 

29 

40 

20 

4 
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APPENDIX B 

Size 
0 
D 
D 
C 
C 
D 
D 
D 
D 
D 
B 
D 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
C 
D 
0 
C 
D 
B 
D 
D 
B 
D 
D 
C 
C 
C 
D 
D 
D 
D 
C 

D 
D 
D 
B 

LSCS DRAWING 

Drawi nq Number 
599-5-01 ( 3  sheets)  
599-1-04 (1  sheet)  
599-1-05 (1  sheet)  
599-2-07 ( 2  sheets) 
599-2-10 (3  sheets) 
599-6-11 (1 sheet)  
599-6-12 (1 sheet)  
599-6-13 (1  sheet)  
599-2-25 (1  sheet)  
599-2-26 (1  sheet)  
599-3-29 (1  sheet)  
599-1-31 ( 2  sheets) 
599-3-32 (1 sheet)  
599-3-33 (1 sheet)  
599-3-34 (1 sheet)  
599-3-35 (1 sheet)  
599-3-36 (1 sheet)  
599-3-38 (1 sheet)  
599-3-39 (1 sheet)  
599-3-40 (1 sheet)  
599-3-42 (1 sheet)  
599-3-44 (1 sheet 
599-2-45 (1 sheet)  
599-3-47 (1 sheet)  
599-3-52 ( 3  sheets) 
599-2-53 (1 sheet)  
599-1-54 (1 sheet)  
599-3-55 ( 2  sheets) 
599-3-56 ( 5  sheets) 
599-5-57 (8  sheets) 
599-3-58 (1 sheet)  
599-5-59 (10 sheets) 
599-3-60 (1  sheet)  
599-2-61 (1  sheet)  
599-3-62 ( 1  sheet)  
599-3-63 (2 sheets*)  
599-2-64 ( 1  sheet)  
599-3-65 (1  sheet)  
599-2-66 ( 2  sheets) 
599-2-68 ( 2  sheets) 

- Rev. 
B 
E 
G 
D 
D 
D 
D 
D 
F 
C 

C 
- 

- 
s - - - 
- 
- - 
- 
- 
- 
C 
C 
B 
B 
F 
A 
B 
D 
C 
A 
B - 
- 
0 
8 
A 
B 

599-2-69 ( 2  sheets&*) A 
599-3-71 (1. sheet)  - 

599-3-73 (1  sheet)  A 

599-3-75 (1 sheet)  A 
599-3-74 ( 4  sheets) C 

599-1-76 (1 sheet)  - 

LIST,  VISTA JOB NO. 599 

._. Desc r i  D t i  on 
S i n g l e  L i n e  Power Diagram 
Tes t  Chamber & P i t  Layout 
Roof T e s t  Chamber 
Column Loca t ions  
Guard Chamber A r r g t .  
Flow Schematic, Me te r ing  I% Guard Chamber 
Flow Schematic, C l ima te  Chamber 
R e f r i g ,  Schematic, C l ima te  Chamber 
P i t  Layout E l e v a t i o n s  
A.C. U n i t  Layout,  C l ima te  Chamber 
Me te r ing  Chamber B a f f l e  Frame 
Mete r ing  Chamber Assembly 
Me te r ing  Chamber D isch rg .  Plenum F r o n t  & Back 
Mete r ing  Chamber Dischrg.  Plenum, Bottom 
Mete r ing  Chamber A d j u s t a b l e  S l o t  D i f f u s e r  
Me te r ing  Chamber D isch rg .  Duet, Top, F r o n t  
Me te r ing  Chamber D isch rg .  Duct,  Top, Back 
Me te r ing  Chamber D isch rg .  Duct,  Support  Frame 
Mete r ing  Duct Support  Frame 
Press Screws Mount ing Channels 
Me te r ing  Chamber I n t a k e  Plenum 
B a f f l e  Sk in  
Me te r ing  Chamber D isch rg .  Duct  Assy. 
Chamber Support  Frame & Load P o i n t  Detalls 
Locki  ng P i n  Assembly 
Water D r a l n  Layout 
C o n t r o l  Console A r r g t .  
Roof T e s t  Chamber, Freezer Box D e t a f l s  
Compressor S k i d  
D i s t r i b u t i o n  Panel 
Roof Pest  Chamber D e t a i l s  
Loop Diagrams ( C o n t r o l )  
R e f r i g e r a t i o n  Layout,  C l ima te  Chamber 
PressurdVacuum System A r r g t .  
Pressure/Vacuum System D e t a i l s  
Pressure/Vacuum Frame 
A i r  Leakage Sensing Tunnel 
I n f r a r e d  L i g h t i n g  A r r g t .  
Gasket Layout,  Roof & Jamison Door 
L i f t i n g  Mechanism, Roof Door 
Rain S imu la to r  
Removable I n f r a r e d  L i g h t l n g  Sec t ion  
L i f t i n g  Harness 
F i r e  P r o t e c t i o n  System 
Support  S tee l  
Sensor Loca t ions  
Roof Door Operat ing System 

*1 sheet i s  a "B" Size  
**Sheet 2 i s  an "A" s i z e  w/2 c a t a l o g  pages a t tached  
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ORN L/TM- 1067 5 

INTERNAL DISTRIBUTION 

1-2. 
3. 

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

10. 
11. 
12 
13. 

C e n t r a l  Research L i b r a r y  
Document Reference S e c t i o n  
L a b o r a t o r y  Records 
L a b o r a t o r y  Records, ORNL RC 
ORNL P a t e n t  S e c t i o n  
R. S.  C a r l s m i t h  
K. W.  C h i l d s  
P. W .  C h i l d s  
J .  E. C h r i s t i a n  
G. E. C o u r v i l l e  
W .  Fu lke rson  

14. M. A. K u l i a s h a  
15. W .  P. L e v i n s  
16. D. L. McElroy 
17. J. M o r r i s o n  
18. D. E. R e i c h l e  
19. E. Rogers 

20-34. S .  0. Samples 
35. R. B. S h e l t o n  
36. T. J. Wilbanks 
37. K.  E. W i l kes  
38. R .  L. Wendt 

EXTERNAL DISTRIBUTION 

39-40. ACEC RESEARCH AND MANAGEMENT FOUNDATION, 1015 5 t h  S t r e e t ,  N.W., 
Washington, DC 20005 
J .  R. Wander 
A.  W i  1 lman 

41. H. A m i s t a d i ,  P.O. Box 904, Brunswick,  ME 04011 

42. BROQKHAVEN NATIONAL LABORATORY, B u i l d i n g  #120, Upton, NY 11973 
R .  J. McDonald 

43. BUI.LDING TECHNOLOGIES CORPORATION, P.O. Box 465622, C i n c i n n a t i ,  
OH 45246-5622 

W .  C .  C a r l 1  

44. CARLISLE SYNTEC SYSTEMS, P.O. Box 7000, C a r l i s l e ,  PA 17013 
R .  J G i  11 enwater 

45. CELOTEX CORPORATION, Roo f ing  Products  D i v i s i o n ,  P.O. Box 22602, 
Tampa, FL 33622 

S .  A. Funk 

46. CERTAINTEED CORPORATION, P.O. Box 860, V a l l e y  Forge, PA 19482 
M. B. Lacher 

47. CONSTRUCTION TECHNOLOGY LABORATORIES, INC., P o r t l a n d  Cement 
A s s o c i a t i o n ,  5420 Old Orchard Road, Skokie,  IL 60077 

N. G. Van Geem 
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48. 

49. 

50. 

51. 

52. 

53 * 

54. 

55. 

56. 

57-59. 

60. 

61. 

62. 

63. 

64-66. 

W. C .  C u l l e n ,  11718 T i f t o n  D r i v e ,  Potomac, MD 20854 

R. Davis ,  3073 Wi l l oughby  Road, Mason, I N  48854 

DOW CHEMICAL, USA, A r c h i t e c t u r a l  A p p l i c a t i o n s ,  B u i l d i n g  F, 
P.O. Box 515, G r a n v i l l e ,  OH 43023 

W. E. Petersen 

DURO-LAST ROOFING, INC., 525 Mor ley  D r i v e ,  Saginaw, M I  48601 
J. Greko 

ENERGY SAVER IMPORTS, I N C . ,  2150 West 6 t h  Avenue - U n i t  E, 
P.O. Box 38, B roomf ie ld ,  CO 80020 

B. Hyma 

FI-FOIL COMPANY, INC. ,  612 B r i d g e r s  Avenue, W ,  Auburndale, FL 33823 
E. Nowman 

GAS RESEARCH INSTITUTE, 8600 W. Bryn Mawr Ave., Chicago, I L  60631 
J .  J. C u t t i c a  

GEOSCIENCE, LTD., 410 South Cedros Ave., Solana Beach, CA 92075 
H. F. Poppendiek 

HOLOMETRIX, I N C . ,  99 E r i e  S t r e e t ,  Cambridge, MA 02139 
S .  E. Smith 

W .  R. Hun t ley ,  12422 Union Road, K n o x v i l l e ,  TN 37922 

HQ/AFESC/DEMM, T y n d a l l  AFB, FL 32403-6001 
J .  L. I n u s  

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND 
DOCUMENTATION, P.O. Box 20704, 3001 J A  Rotterdam, The Ne the r lands  

G. Sebestyen 

ISOLATEK RESEARCH CORPORATION, 1572 Sussex Turnpike,  Randolph, NJ 
07869 

F. M. Stumpf 

JIM WALTER RESEARCH, 10301 9 t h  S t r e e t  Nor th ,  S t .  Petersburgh,  
FL 33716 

J .  R .  Hagan 

LAWRENCE BERKELEY LABORATORY, Berke ley ,  CA 94720 
W. C a r r o l l ,  B u i l d i n g  90, Room 2056 
3. Klems, B u i l d i n g  90, Room 3111 
S .  Se lkow i t z ,  B u i l d i n g  90, Room 111 
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67. 

68-69. 

70. 

71-72. 

73. 

74. 

75. 

76. 

77-78. 

79. 

80. 

81. 

E. Leger, 256 Mldd lebranch Road, P.O. Box 549, New Boston, NH 03070 

MANVILLE SALES CORPORATION, Research and Development Center ,  
Box 5108, Denver, CO 80217 

P. C .  M a r t i n  
D. L a r r a t t  

JOHN MCCORKLE, 6720 S .  S t e e l e  S t r e e t ,  L i t t l e t o n ,  CO 80122 

MICHIGAN STAT€ UNIVERSITY, Eas t  Lansing, M I  48824 
J. V .  Beck, Dept. o f  Mechanical Eng ineer ing  
D. E. M o r r i s o n  

MOBAY CHEMICAL CORPORATION, Coa t ing  D i v i s i o n ,  blobay Road, 
P i t t s b u r g h ,  PA 15205-9741 

M. J. Dvorchak 

MOISTURE SYSTEMS, I N C . ,  1233 West Loop South, S u i t e  1300, 
Houston, TX 77027-9108 

W .  R. French 

NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY, Ga i the rsbu rg ,  
MD 20899 

W.  J. R o s s i t e r  

NATIONAL INSTITUTE OF BUILDING SCIENCE, 1015 1 5 t h  S t r e e t ,  N.W., 
S u i t e  700, Washington, DC 20005 

D. A. H a r r i s  

NATIONAL RESEARCH COUNCIL OF CANADA, B u i l d i n g  Serv i ces ,  M-24 
IRC/NRCC, Ottawa, O n t a r i o  K1A OR6 CANADA 

M. Bomberg 
C .  J. S h i r t l i f f e  

NATIONAL RESEARCH COUNCIL OF CANADA, I n s t i t u t e  f o r  Research i n  
Cons t ruc t i on ,  Saskatoon, Saskatchewan, Canada STM OW9 

L. J. Snodgrass 

NATIONAL ROOFING CONTRACTORS ASSOCIATION, One O'Hare Cnter ,  
6250 R i v e r  Road, Rosernont, I L L  60018 

T. Smi th  

NAVAL C IV IL  ENGINEERING LAB., Code L52, P o r t  Hueneme, CA 93043 
R .  L. Alumbaugh 
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82. NCAT, P.O.  Box 3838, B u t t e ,  MT 57902 
G. D u r k i n  

83, NEW JERSEY INSTITUTE OF TECHNOLOGY, B u i l d i n g  Eng ineer ing  and 
A r c h i t e c t u r a l  Research Center ,  Newark, NJ 07102 

E. L. Ba les  

84-85. OWENS-CORNING FIBERGLAS CORP., F i b e r g l a s  Tower, Toledo,  OH 43659 
T. Gre the r  
D. E. R ichards  

86-88. OWENS-CORNING FIBERGLAS, Techn ica l  Center ,  P.O. Box 415, 
G r a n v i l l e ,  OH 43023 

M. McBride 
J .  R. Maumaw 
J .  R. We l l s  

89. PORTLAND STATE UNIVERSITY, Mechanical Eng ineer ing  Department, 
P.O.  Box 751, P o r t l a n d ,  OR 97207 

G. A. Tsongas 

90. F. 3.  POWELL, 9919 M a y f i e l d  D r i v e ,  Sethesda, MD 20817 

91. R-FAX TECHNOLOGIES, I N C . ,  661 E. Monterey Ave., Pomona, 
CA 91767-5607 

W. E. Carson 

92. REFLEXTIX, I N C . ,  P.O. Box 108, M a r k e v i l l e ,  I N  46056 
M. M i  11 spaugh 

93. REGAL INDUSTRIES, Route 1, Box 46, C r o t h e r s v i l l e ,  I L  47229 
D. McGuire 

94. ROOFING SERVICES, INC. ,  6106 Roxbury Ave., S p r i n g f i e l d ,  
VA 22152-1621 

95. R S I  MAGAZINE, 7500 Old Oak B lvd . ,  C leve land,  OH 44130 

96. STANDARD CONSULTANT, 754 Bob-Bea Lane, H a r l e s v i l l e ,  PA 19438 
W.  P .  E l l i s  

97. STEVEN WINTER ASSOCIATES, I N C . ,  6100 Empire S t a t e  B u i l d i n g ,  
New York, NY 10001 

D. M. Evans, Jr. 

99-99. STEVEN WINTER ASSOCIATES, I N C . ,  50 Washington S t r e e t ,  6 t h  Floor ,  
Norwalk, CT 06854 

M. K r a r t i  
A. Tu luca 
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100. 

101. 

102-103. 

104-105. 

106. 

107. 

108. 

109. 

110 

111 I 

STRUCTURAL RESEARCH, INCORPORATED, 3113 Laura Lane, Middletown,  
W I  53562 

D. M. DuPuis 

M. K. Synder, 9107 Over look  D r i v e ,  Over land Park, KS 66207 

TENNESSEE TECHNLOGICAL UNIVERSITY, Department o f  Mechanica l  
Eng ineer ing ,  Box 5014, C o o k e v i l l e ,  TN 38505 

E. I. Gr iggs  
D. W.  Yarbrough 

THERMATEST D I V I S I O N  OF HOLOMETRIX, I N C . ,  99 E r i e  S t r e e t ,  Cambridge, 
MA 02139 

A. D e s j a r l a i s  
R .  P .  Tye 

TREMCO, 2 M i l i t i a  D r i v e ,  Lex ing ton ,  MA 02173 
R. A. Lucas 

TREMCO, 10701 Shaker Boulevard,  Cleveland,  OH 44104 
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333 P f i n g s t r n  Road, Nor thbrook ,  I L  60062 

J. R. T h i e l  

UNIVERSITY OF CALIFORNIA, Eng ineer ing  and A p p l i e d  Sciences, 
C i v i l  Eng ineer ing  Department, Eng ineer ing  I ,  Room 2066, 
Los Angeles, CA 90024 

R .  L. P e r r i n e  

UNIVERSITY OF MASSACHUSETTS, Mechanical Eng ineer ing  Department, 
Amherst, MA 01003 

W. P. Gross 
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M i n e r a l  Eng ineer ing  B u i l d i n g ,  500 P i l l s b u r y  D r i v e ,  S.E. 
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112. UNIVERSITY OF TENNESSEE, P.O. Box 1071, K n o x v i l l e ,  TN 37996 
M. McMamus 

113. U. S, DEPARTMENT OF AGRICULTURE, F o r e s t  Produc ts  Lab., One G i f f o r d  
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A .  TenWolde 
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Madison, W I  53704-2398 

E. S c h a f f e r  

115. VANDER LINDEN & ASSOCIATES, 5 B r a s s i e  Way, L i t t l e t o n ,  CO 80123 
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C .  R .  Vander L inden 

F o r r e s t a l  B ldg , ,  Washington, DC 20585 
F. Abel 

117-118. DOE, B u i l d i n g s  D i v i s i o n ,  CE-131, F o r r e s t a l  B ldg . ,  Washington, 
DC 20585 

J .  J .  B o u l i n  
J .  A. Smith 

119-120. DOE, CE-131, F o r r e s t a l  B ldg . ,  Washington, DC 20585 
J .  A .  Smith 
S .  Tagore 
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37831-8600 
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