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RHLC HELIUM REFRIGERATOR SYSTEM PERFORMANCE TESTS 

Two acceptance tests f o r  t h e  M L C  r e f r i g e r a t o r  system w e r e  conducted 
dur ing  1985 and 1986. 

Compressor s t a t i o n  performance was  demonstrated i n  an acceptance test 
conducted on 25 A p r i l  1985. The p l a n t  normally u t i l i z e s  a l l  20 Tnstsa'lled 
f i r s t  s t a g e  compressors and fou r  second s t a g e  compressors t o  supply 4400 g / s  
of helium a t  16.4 atmospheres. One a d d i t i o n a l  compressor is f o r  redundancy 
and i t  can be employed as e i t h e r  a f i r s t  o r  second s t a g e  u n i t .  

The p l an t  capac i ty  during t h e  test measured t o  be 4403 g / s  at  16.4 at-  
mospheres using e ighteen  f i rs t  s t a g e  and f i v e  second s t a g e  compressors. The 
i so thermal  e f f i c i e n c y  w a s  ca l cu la t ed  t o  be 57.01% . 

A post  r e f r i g e r a t o r  acceptance test observa t ion  i s  t h a t  t h e  compressor 
s t a t i o n  mass flow has been c o n s i s t a n t l y  somewhat less than measured dur ing  
t h e  test. These later observa t ions  w e r e  made using a Ventur i  flowmeter ac- 
qui red  a f t e r  t h e  compressor s t a t i o n  tests but  p r i o r  t o  the  start  of r e f r i g e r -  
a t o r  acceptance. The flowmeter a s soc ia t ed  wi th  t h e  compressor s t a t i o n  is t h e  
Annubar type  and i ts  measurement va lues  are t y p i c a l l y  2 t o  5% higher  than t h e  
Ventur i  meter. This discrepancy is  being inves t iga t ed .  A f i v e  percent  f low 
reduct ion  would reduce the  ca l cu la t ed  i so thermal  e f f i c i e n c y  t o  54.3%. 

The r e f r i g e r a t o r  acceptance tests spanned t h e  per iod between J u l y  1985 
t o  e a r l y  March 1986 w i t h  f i v e  cooldown runs during t h a t  period. The r e f r i -  
g e r a t o r  tests were timed t o  f a l l  between AGS running per iods t o  minimize t h e  
demand rate charges f o r  e lectr ic  power. I n t e r v a l s  between runs were used f o r  
cons iderable  work on adjustments t o  t h e  turbo expander machinery and comple- 
t i o n  of unf in ished  work by BNL. Two major problems wi th  t h e  turbo expanders 
w e r e  t h a t  t he  s h a f t s  of t he  co lder  expanders were opera t ing  too c lose  t o  cri- 
t i ca l  speed and t h a t  too b r i t t l e  a steel (17-4 PH) w a s  employed f o r  i n l e t  
vane s h a f t s  and con t ro l  element pins .  These condi t ions  r e s u l t e d  i n  f a i l i n g  , 

l a b y r i n t h  seals, s h a f t  bear ings ,  s h a f t s  and damaged impel lers .  The former 
de fec t  was  caused by an inc rease  i n  designed s h a f t  overhang t o  f u r t h e r  reduce 
hea t  l e a k  without a thorough check f o r  e f f e c t s  on s h a f t  c r i t i ca l  speed. Ln- 
s t a l l a t i o n  of l a r g e r  s h a f t  diameters  and heavier  bear ings el iminated t h e s e  
problems. 

An i n i t i a l  run took p lace  on J u l y  10 t o  J u l y  12, 1985 t o  test con t ro l  
and ope ra t ion  of t h e  t u r b i n e  machinery. The BNL suppl ied process  c o n t r o l  
computer performed w e l l  from the  o u t s e t  i n  such t a sks  as speed con t ro l  of 
f o u r  series tu rb ine  expanders and i n  i n t e r l o c k  p r o t e c t i o n  of t h e  machine. 
However, seal gas and l u b r i c a t i n g  o i l  r e t u r n  systems f o r  t h e  c l o s e  coupled 
t u r b i n e  expanders requi red  ex tens ive  o i l  sk id  p ip ing  changes by the  manufac- 
t u r e r  t o  e l imina te  con t ro l  i n t e r a c t i o n s .  

The f i r s t  cooldown run was  from August 22 through August 24. The run 
ended when f a i l u r e  of many l a b y r i n t h  s h a f t  seals occurred f o r  reasons de- 
s c r ibed  earlier. 

A second cooldown from Nov. 15 t o  Nov. 18 r a n  w e l l  i n i t i a l l y  and a tem- 
pe ra tu re  of 5.3 K w a s  reached on t h e  morning of Nov. 16. However, gas  
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contamination forced  a shutdown. A warmup and a thorough gas c leaning  w a s  
i n i t i a t e d .  

The t h i r d  cooldown r a n  through Nov. 18 and 19. Liquefac t ion  w a s  
achieved after t e n  hours of operat ion.  S t ab le  con t ro l  of t he  p l a n t  was ob- 
t a ined  throughout cooldown and opera t ions .  Temperatures down t o  3.5 K w e r e  
reached using t h e  cold compressors of t h e  system. The c i r c u l a t i n g  loop com- 
p res so r  flow rate went high enough, at  t i m e s ,  t o  exceed the  flowmeter range 
(Q5000 g / s > .  During t h i s  run it was poss ib l e  t o  conduct thermodynamic analy- 
sis of t he  process .  Shutdown occurred f o r  schedul ing reasons. 

The f o u r t h  cooldown run w a s  performed during t h e  per iod of Feb. 13 
through Feb. 17 ,  1986. I n  t h e  forenoon of Feb. 14 th  the  cooldown was i n t e r -  
rupted by a p ip ing  f a i u r e  i n  cold box 4. The r e f r i g e r a t o r  was  warmed, t h e  
damaged s e c t i o n  removed, and a new s e c t i o n  i n s t a l l e d  toge ther  wi th  a new ex- 
pansion loop i n  the  c i r c u i t .  Cooldown resumed e a r l y  on Feb. 16. Cooldown 
was  i n t e r r u p t e d  aga in  by a cracked s h a f t  of turbo expander 5. Expander 5 i s  
t h e  f i n a l  u n i t  i n  t he  t r a i n  of expanders and opera tes  with i t s  i n l e t  a t  6 K. 
However, cooldown continued f o r  another  twenty hours using Joule-Thompson ef -  
f e c t  via a valve i n  p a r a l l e l  wi th  expander 5. The reason f o r  cont inuing was  
t o  have l i q u i d  i n  t h e  low and in te rmedia te  pots  t o  ob ta in  pre l iminary  perfor-  
mance d a t a  on t h e  cold compressors. Approximate measurements of t he  p l a n t  
capac i ty  i n  the  J-T mode were a l s o  obtained. 

The f i f t h  cooldown, which became t h e  acceptance run, commenced on Feb. 
27 wi th  expander 5 opera t iona l .  Three inc iden t s  of a mechanical na tu re  oc- 
cur red  during the  cooldown but  had only small e f f e c t  on t h e  cooldown rate. 
The f i r s t  of these ,  about 3 hours a f t e r  s t a r t i n g ,  was  t he  d i sab l ing  of ex- 
pander 3A by f a i l u r e  of t h e  i n l e t  vane mechanism and d e s t r u c t i o n  of i t s  im- 
p e l l e r .  The redundant expander s t r i n g  3B/4B was brought on stream and the  
run  continued. The speed c o n t r o l  of expander 5 was  l o s t  a f t e r  an i n t e r l o c k  
shutdown. The u n i t  was warmed, disassembled, checked and reassembled without  
f i n d i n g  any cause and was  placed on stream without f u r t h e r  speed c o n t r o l  
problems. Heat exchangers 1B/2B fouled  wi th  ice. Redundant hea t  exchangers 
1A/2A were cooled f o r  about 12 hours and then placed i n  service. Exchangers 
1B/2B were then put through a deriming cycle.  

On March 3rd ,  during a per iod of e igh t  hours,  r e f r i g e r a t o r  capac i ty  w a s  
measured at s teady-s ta te  f u l l  load condi t ions.  Performance d a t a  was a l s o  ob- 
t a ined  on expanders,  cold compressors and hea t  exchangers. Analysis of d a t a  
revealed t h a t  t he  r e f r i g e r a t o r  produced 23.1 kW of low temperature r e f r i g e r a -  
t i o n  capac i ty  and 55 kW of s h i e l d  cool ing at RHIC ope ra t ing  condi t ions.  Fur- 
t h e r  f i n e  tun ing  of turbo expanders and cold compressors was not attempted 
because the  scheduled opera t ing  per iod expired.  

Since t h e  capac i ty  of t h e  r e f r i g e r a t o r  i s  more than s u f f i c i e n t  t o  m e e t  
R H I C  requirements ,  i t  was agreed wi th  t h e  con t r ac to r  t h a t  BNL would accept  
t h e  system a t  reduced cos t  t o  cover the  expense of modi f ica t ions  t o  some of 
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t h e  cold r o t a t i n g  equipment. The r e f r i g e r a t o r  w i l l  be run i n  the  f u t u r e ,  as 
funding becomes a v a i l a b l e ,  t o  t r a i n  personnel  and t o  f i n e  tune the  opera t ing  
parameters of t he  system. 


