
TIE MEM Chi, AW EXPTIME NT AL I WES TI Gal ON OF 
IT.EEZE-i) ERYDR ATI ON RI. (Mr 

THESIS SUBEITTED FCR THE A. iiI1D OF 
TIE DEGREE OF D CCTCR OF MIL CS CPUtt 

By 

LILT ANA TRIFONWA 
GRIGCR OJA) 

DEFERMENT OF ME CHANI CAL ENCZNEERING 
EVIAN 'IL TITUTE OF TECIVOL GGY 

DELHI 

.1975 



c TIFICi.T. 

This is to certify that this thesis "Theoretical and 
Experimental Investigation of Freezo-Dettydration Process';  
being submitted by Mrs. L.I, Trifonova. (Grigorova) to the 
Indian Institute of Technolomr, Delhi, for the award of the 
degree of doctor of Philosoplw in Mechanical Engineering, 
is a record of bonafide research work carried out by her 
under my supervision and guidance for the last three year:-.;„ 
and to at/ 'nowleKige, it has reached the standard fulft_ling 
the requirements of the regulations relating to the degree. 

The results contained in this work have not been 
submitted in part or in Pull, to any other University or 
Institute for the award of any degree or diploma., 

Pgrarrao. 

( Prof, C, P, ARCRA) 
Supervisor 
Mechanical Engg, Deptt, 
Indian Institute of Technology 
}1auz Khasi  New Delhi-110029 



ACKNO',11, DGNLENT3 

The author .gratefully acknowledges the guidance rendered 

by Professor C, P, Aroma at every stage of this work. He has 

been a source of encouragement and his helpful suggestions at 

critical moments smoothened her way towards the completion of this 

work, 

The author is highly thankful to the governments of 

India and Bulgaria for her selection under Indo-Bulgarian 

Cultural Exchange Programme (1972-75). A special note of 

appreciation is due to the Bulgarian Ambassador in India 

Mr, 3, Zaimov for his personal touch to various problems, Also 

the help rendered by. Mr, V, Vasilev of the Bulgarian Embassy 

is deeply acknowledged. 

The author would like to make a special mention of 

Mr, M.,R, Vyawaharelhcr collegue and above all a friend. He 

has been helpful in many tangible and intangible ways without 

which it would not have been possible to finish this work in 

the stipulated time, 

Mr, Joseph Kurian of Computer Centre has always been 

extremely helpful in computer work, Thanks are due to 

Mr, V N, Garg for his cooperation in experimental investigation, 

The author is indebted to many well wishers in the 

Institute with special mention to Dr, R,S, Agarwal, Dr, P.L. Dhar, 

Mr„ 11, J. D el bi arc' D r„ v,1. K. Iyengar, 



Thanks are due to Mr, 	Caini'.nd other staff of 

the P.efrigemticn Laboratory for their hell) in experimental work, 

Mr. Surinder Singh iPabert for his pcdnstLking efforts in the 

drawing work, Mr, Su khd 	-,211:gh for photajm phis work and 

Mr. 9, a, Jo hi for exc ell ent ty ping. 

The author wishes to thank her parents for their guidance 

and encouragement during her educational endeavour. Sincere 

appreciation goes to her husband for his constant inspiration 

in building her confidence, 

Finally, the author would like to thank all those who 

have extended their helping hand and moral support for the 

completion of the work. 



ABSTR.:ACT 

The thesis presents the results of analytical and 

reamerical solutions and experimental investigation of the 

sublimation-dehydra tion process and the thermophysical 

• properties involved. 	physico—rztheiTatikzal conceptual 

system for representing the actual process under conditions 

of heat supply with distant and contact heating,. and their 

combinations of symmetrical and unsymmetrical heating, is 

developed, 

The sets of differential equationsare first solve  

analytically, accepting parabolic dependence of dried thic.Imess 

with respect to time, thus, describing a process of change 

of state with moving boundary. The solutions are obtained 

in closed form assuir.ng the radiator, surface and ice-front 

temperatures and the parabola coefficient as constants 

The numerical fiewtonaphson solution of the surface 

and ice-front ener& balance equations, following the analytical 

Solution, rgices an improved approach by parabola coe:'ficient 

to vary with time. The simulation procedure developed n es 

it possible to use Hewton-rilaphson iterative technique and 

programming in izCari7:1:.11 	on• a ICL 1900 Computer. The 

results obtained represent typical freeze—drying behaviour 

and are in fair agreement with the experimental results 

presented here.The frect of a large number of parameters and 

properties involvKI, and their combinations, is studied. 
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The results show a flexible method for the prediction of 

process parameters an,:l ostimization based on the in recuire-

Dents of the surface temperature not exceeding the scorching 

te;:ipemture, and the ice?-front temperature not exceeding the 

thawing temperature of the terial, 

sinilation procedure, tal.ing into account the variation 

of therrg.-1 conductivity and theriszl diffusivity of the dried 

zeterial with temperature is also presented, 

A finite difference method for solving the partial 

differential equations for the case of freeze—drying with. 

distant heating is also developed. The results, again, shov; 

typical freeze—debkydration behaviour but .show departure from 

the analytical and experimental results due to a number of 

unavoidabre assumptions, 

fn compilation of property data is also presented, in 

experimental study on properties of yoghurt prepared from 

standarized Dli3 buffalo mills is zzde. The unsteady—state 

`line heat source me,;thod 	for the measurement of therz- 1 

conductivity and therEal diffusivity of this bio—nutritive 

freezo—dried material has been used, 
of 

The experiments on freeze—dryingAyoghurt are performed 

in the presence of air or nitrogen under various total charber 

pressures and solid contents, The surface temperature, ;yhich 

is an important parameter for optimization, is found to depend 

prevailingly on the radiator te,mperature„ the ice—front 
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temperx-ture (or chamber pressure) and the resist:7'nce of the 

fr r`Y Gil mterial, The ice—front 'temperature is founf: to 1)2 

constEnt airing the process, represented by a sharp plane. 

The effect of therzal conductivity, therr,L1 diffusivity anfi 

porosity, representing the initial r.-nisture centent 7 is 

prominent on the process. 
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