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SUMMARY 

Two loops making up t h e  Thermal Energy Storage Tes t  (TEST) F a c i l i t y ,  using 
e i t h e r  a i r  o r  l i q u i d  as t h e  thermal t r a n s p o r t  f l u i d ,  a r e  be ing  designed and 
developed. These loops w i l l  be capable of cyc l ing  r e s i d e n t i a l - s i z e  thermal 
energy s t o r a g e  u n i t s  through condi t ions  s imu la t ing  s o l a r  o r  off-peak e l e c t r i -  
c i t y  a p p l i c a t i o n s  t o  eva lua t e  t he  u n i t ' s  performance. To d a t e ,  t h e  d e t a i l e d  
design of t h e  l i q u i d  cyc l ing  loop has been completed and is expected t o  be 
ope ra t iona l  i n  March 1980; t h e  design of t h e  a i r  cyc l ing  loop has been 
i n i t i a t e d .  

DISCUSSION 

The Thermal Energy Storage Test  (TEST) F a c i l i t y  w i l l  be  a  s e t  of two 
loops,  us ing  e i t h e r  a i r  o r  a  l i q u i d  a s  t h e  thermal t r a n s p o r t  f l u i d ,  capable of 
cyc l ing  both h o t  and "cool" r e s i d e n t i a l - s i z e  thermal  energy s t o r a g e  devices  
through a  s e r i e s  of charge and d ischarge  modes which s i m u l a t e e i t h e r s o l a r  o r  
off-peak e l e c t r i c i t y  TES a p p l i c a t i o n s .  The TEST f a c i l i t y  w i l l  be used t o  
(1) independently eva lua t e  t h e  performance of s t o r a g e  systems us ing  t e s t i n g  
procedures which s imu la t e  working environments under which t h e  system w i l l  
ope ra t e  a s  w e l l  a s  using procedures -proposed by ASHRAE and NBS and (2) t o  pro- 
v ide  support  i n  ' f u r t h e r  R&D work r e l a t e d  t o  TES. To ta l  s t o r a g e  capac i ty ,  
charge and d ischarge  r a t e s ,  temperature p r o f i l e s ,  and p re s su re  drop ac ros s  t h e  
s t o r a g e  device a r e ,  among o t h e r s ,  t he  performance c h a r a c t e r i s t i c s  of i n t e r e s t .  

Both cyc l ing  loops w i l l  be capable of f u l l y  charging o r  d i scharg ing  a  
r e s i d e n t i a l - s i z e  s t o r a g e  u n i t  [52,800 t o  528,000 K J  (50,000 t o  500,000 BTU) 
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capac i ty ]  w i t h i n  f o u r  hours  [ r equ i r ed  h e a t  rate of 36.6 KW (125,000 BTU/h)]. 
The l i q u i d  loop w i l l  have a  temperature range of O°C t o  140°C (32OF t o  280°F) 
and w i l l  be  a b l e  t o  use  e i t h e r  water ,  e thylene  g lycol ,  o r  salt  b r i n e  a s  t h e  
working f l u i d  a t  flow rates between 7.6 R/min and 76 Elmin (2 and 20 GPM). The 
temperature range of t h e  a i r  loop w i l l  be from O°C (32°F) t o  some maximum 
temperature as y e t  undetermined. The loops w i l l  possess  a  high degree of 
v e r s a t i l i t y  and c o n t r o l a b i l i t y  t o  produce a  v a r i e t y  of i npu t  condi t ions  c a l l e d  
f o r  by t h e  t e s t i n g  procedures; s p e c i f i c a l l y ,  they w i l l  be  capable of providing 
vary ing  temperature,  flow rate, and, f o r  t h e  a i r  loop,  humidity i npu t  sched- 
u l e s  i n  s t e p  func t ion ,  s i n u s o i d a l ,  and s t o c h a s t i c  p a t t e r n s  t o  f u l l y  s imu la t e  
a c t u a l  condi t ions  and usage of s o l a r  and off-peak e l e c t r i c i t y  s t o r a g e  u n i t s .  

Three feedback loops,  one f o r  temperature c o n t r o l ,  one f o r  flow r a t e  
c o n t r o l ,  and one f o r  humidity c o n t r o l  i n  t he  a i r  loop, a l l  capable of sens ing  
loop parameters and making adjustments accordingly,  w i l l  t h e r e f o r e  be  requi red .  
An i n t e g r a l  p a r t  of t hese  feedback systems w i l l  be  an  LSI-11 computer which 
w i l l  i n t e r f a c e  between t h e  sens ing  and c o n t r o l  devices ;  t h e  computer w i l l  a l s o  
se rve  as t h e  main d a t a  a c q u i s i t i o n  system. Twenty-eight K of co re  and two 
floppy d i sks  provide  program and d a t a  s to rage ,  and, fur thermore,  t h e  mini- 
computer w i l l  be  i n t e r f a c e d  wi th  a  remote computer t o  provide a d d i t i o n a l  s t o r -  
age and computational c a p a b i l i t i e s .  

The b a s i c  p ip ing  and ins t rumenta t ion  layout  f o r  t h e  l i q u i d  loop i s  shown 
i n  Fig.  1. Mixing va lue  A, func t ioning  wi th  a  feedback system i n i t i a t i n g  from 
temperature probe D, i n d i r e c t l y  d i v e r t s  t he  necessary amount of r e t u r n  l i q u i d  
through e i t h e r  of t h e  thermostated l i q u i d  holding tanks,  a s  determined by va lve  
B,  and thereby r econd i t i ons  t h e  working f l u i d  t o  i t s  requi red  i n l e t  tempera- 
t u re .  The loop flow r a t e  w i l l  be  monitored by a  t u rb ine  flow meter  C ,  which 
a l s o  feeds  back information t o  t h e  loop flow c o n t r o l  va lve  E. Plat inum 
r e s i s t a n c e  temperature probes,  capable of measuring temperature t o  w i t h i n  a  
few t e n t h s  of a degree F, w i l l  be placed throughout t h e  loop a s  w e l l  a s  i n  t he  
s t o r a g e  device i t s e l f  i n  s u f f i c i e n t  quan t i t y  t o  e f f e c t i v e l y  eva lua t e  t h e  s t o r -  
age system performance and t o  monitor the  loop dynamics. P re s su re  d i f f e r e n t i a l  
c e l l s  complete t h e  major ins t rumenta t ion  requirements of t h e  loop. The a i r  
loop w i l l  be  s i m i l a r  t o  t h e  l i q u i d  loop i n  i t s  b a s i c  l ayou t ,  c o n t r o l  systems, 
and ins t rumenta t ion ,  wi th  t h e  a d d i t i o n a l  requirement of measuring and cont ro l -  
l i n g  humidity. 

The d e t a i l e d  des ign  of t h e  l i q u i d  cyc l ing  loop has been completed, and 
a l l  t h e  i n s t rumen ta t ion  has been ordered.  Spec i f i ca t ions  f o r  t h e  major loop 
components ( tanks  and pump) a r e  c u r r e n t l y  being prepared,  and t h e i r  procurement 
w i l l  then  fol low.  The LSI-11 computer is on hand. It is  expected t h a t  t h e  
loop w i l l  be o p e r a t i o n a l  i n  March 1980. The design of t h e  a i r  cyc l ing  loop has 
been i n i t i a t e d .  



Fig. 1. Thermal Energy Storage Tes t  F a c i l i t y  (Liquid Transport)  


