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ABSTRACT 

A study of methods to predi ct the freez i ng and thawing times of both 

regular and i rregular shaped foods was made . 

Experimental thawing data for foods found i n  the l i terature , w ere 

l imi ted in val ue because the exper i mental cond i t i ons were not 

suffic i ently accuratel y meas ured , descr i bed and controlled to all ow 

meani ngful testi ng of thawi ng t i me pred i ct i on methods to be made . A 

comprehens i ve set of 1 82 e xperimental measur ements of thawing time were 

made over a w i de range of cond i tions usi ng r egul ar  shapes made of 

Tyl ose , a food analogue , and of minced l ean beef . Freezing and thawing 

exper iments for irregular shapes were also carr i ed out because of the 

pauci t y  of publ i shed experimental data . Using twelve differ ent two

and thr ee- dimensi onal irregular shaped obj ects 1 1 5  exper i mental 

free zing and thawing runs were conducted . C ombining experimental 

resul ts wi th rel i abl e publ i shed exper imental data for freezing , a data 

set compri sing 5 93 experiments was establ i shed against whi ch predi ction 

methods wer e tested .  

The par t i al differ ent i al equat i ons that model the actual  physi cal 

process of heat conduction during free zing and thawing can be sol ved by 

the f i ni te d iffer ence and f i ni te element methods . Testi ng of the 

f i ni te el ement method has not been extens i ve ,  particularly for 

thr ee-dimens ional shapes . Therefore a general formul at i on of the 

f i ni te el ement method for one- , two- and thr ee-dimensional shapes was 

made and impl emented . Both numer i cal  methods accurat ely  pr edi cted 

freezing and thawing t imes for regular shapes . Suff i c i ently small 

spat i al and t ime step i nt ervals could be used so that errors ar i s i ng 

from the impl ement ation of the methods wer e  negl ig ible  compared with 

exper imental and thermal property data uncertaint i es .  Gui de l i nes were 

establ i shed to choose space and time gri ds i n  appl i cation of the f i ni te 

el ement method for irregular shapes . Adher ence to these gu i del ines 

ensured that predi ction method error was i nsi gnif i cant . A simpl ified 

f i n i t e  el ement method was formulated and impl emented . ·rt had l ower 

computation cos ts but was l ess accurate than the general formul ation .  



Abstract i i i  

No accur ate , general , but s impl e method for predi cting thawi ng times 

was found i n  the l i terature . Four poss ibl e  approaches for a generally 

appl i cable , empiri cal predi ction formul a wer e  inves ti gated . Each could 

be used to pred i ct exper imental dat a  for simpl e shapes to w i th in  ± 1 1 . 0% 

at the 95% level of confi dence . This accurac y was equi val ent to  that 

displayed by similar formul ae for freezing t i me predi ct i on ,  and was 

onl y sl i ghtly i nferior to the accuracy of the best numeri cal methods. 

All  four methods ar e recommended as accurat e  predi ctors . 

For mul t i-dimensional shapes ther e w er e  two ex isti ng geometri c factors 

used to mod i fy slab pred i cti on methods - the e qu i valent heat transfer 

d imensional i ty ( EHTD )  and the mean conducting path l ength (MCP) . New 

empiri cal express i ons to calculate these f actors for regular shapes 

were developed that were both more accur ate and mor e wi dely appl i cabl e 

than the previ ous versi ons . Pri nc i pl es by whi ch EHTD and MCP coul d be 

determined accurately for any two- or thr ee-dimensional shapes were 

establ i she d .  The eff ect of the f i rst  and second dimensi on wer e 

accurately predi cted but lack of suffi c i ent data ( due to high data 

col l ect i on costs ) prevented accurate mode ll i ng of the effect of  the 

third d imension for some i rregul ar shapes . 
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