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To develop and apply computer and mathe- 
matical models in support of the thermal 
energy storage program, emphasizing t h e i r  
application t o  the  moving boundary problem 
in  phase change processes fo r  Latent Heat 
storage.  

a )  The Program TES 

The computer program TES simulating the  behavior of a phase change p,rocess 
in a s ingle  PCM body went through i t s  f ina l  stages of development and 
validation.  The program, applicable in s lab ,  cylinder and spherical 
geometries, was applied t o  a broad family of problems, and i t s  accuracy 
and va l i d i t y  t es ted  wherever possible. A complete documentation i s  
appearing i n  the form of a Union Carbide Report, No. CSD-51 [14]. 

b) Other Computer Codes 

A number of additional codes have been prepared f o r  s i tua t ions  n o t  suited 
fo r  TES, and ' a s  means f o r  verifying the  TES r e su l t s .  These include a 
multi-component version of TES, which i s  t o  be documented during the 
present year ,  and other codes fo r  multidimensional phase change, radiat ion 
boundary conditions, and other cases. The methods upon which these codes 
a re  based, very, so as t o  serve as  additional val idat ion tools  f o r  each 
other.  

c )  Comparison with Experiment 

Comparisons of the  r e su l t s  of various models w i t h  the  experimental 
r e su l t s  of R. Deal have been undertaken [7]. This work has led to  
questions of the accuracy of inverse problem estimates (e.g. of the  
heat t r ans fe r  coef f ic ien t s  and the  conductivity) [ I l l ,  and the  develop- 
ment of additional support codes. An example of the use of a support 
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code i s  given i n  f igure  1, where a two dimensional code was used t o  
judge the  e f f e c t  of the  plexiglass wall i n  the  experiment. 

d )  Scoping of Physical Processes 

Numerical and analyt ical  models were used f o r  a number of scoping 
exercises including a PCM wall simulation 151 and a temperature 
cycling process fo r  a Glaubers s a l t  chub 1131. 

e )  Development - -  -- of computable Analytical Models 

A number of models extending e a r l i e r  reported models f o r  melt time of 
a simple body [3] and melting of a s lab  191 were developed. These 
include a model of a convection surface heat t r ans f e r  process 141. 

f )  Computing Considerations 

In the  course of validating TES.and other programs, a number of 
questions re la ted t o  t h e i r  practical  use arose. These were studied 
i n  [12],  [15], and r e l a t e  t o  the  question of how t o  know i f  the  r e su l t s  
obtained from a phase change simulation scheme a re  actual ly  correct .  

g) Natural Convection Model - ing 

Experiments were made and rough comparisons carr ied out with analyt ical  
and numerical model s f o r  processes which include natural convection of 
the melt [ I ] .  This work i s  t o  continue during the present year. 

h )  - Other Support Ac t iv i t i es  --- 

Other, more peripheral a c t i v i t i e s  performed during the  l a s t  year included 
the preparation of a survey paper on the mathematics of l a t e n t  heat 
thermal energy storage brocesses [ 61 , par t ic ipat ion i n  the preparation 
of a bi bl iography of t h i s  area [16] , and others (121 , 181, 1101 ) .  
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