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The dependencies  of the thermophys ica l  p rope r t i e s  of biological  m a s s e s  in liquid and pa s t e -  
like s ta tes  on moi s tu re  content and t e m p e r a t u r e  a re  presented .  The m e a s u r e m e n t s  were  
made by the probe  method. 

Var ious  probe  me thods  are  used quite effect ively in de termining  the heat  conducting coefficient  of 
d i spersed  ma te r i a l  [1]. The development  of c o r r e c t  calculated fo rmu la s  for  the coefficient  of t he rma l  
diffusivity and specif ic heat capaci ty  is difficult because  of the compl ica ted solution of the p rob lem of heat 
conduction [2] including the heat capaci ty  of the probe itself and its t he rma l  r e s i s t ance .  In the p resen t  
work a re la t ive  va r ian t  of the probe  method was used which allows one to obtain d i rec t  calculated fo rmulas  
for  all the the rmophys ica l  p a r a m e t e r s .  In the heating of an inorganic medium by a thin inorganic cyl inder  
with a constant  power  [3, 4] the t e m p e r a t u r e  of the sur face  of the probe is de termined by the express ion  

q (ln a~ ) t(R,~)- 4n~, - ~ -  -t- ~? (1) 

for  

Fo = .  aT 
R 2 ) ) i 0 .  

Knowing the t e m p e r a t u r e  change in the probe At for  the t ime (~'"-~-r) one can calculate  the the rmal  
conductivity of the medium f r o m  the fo rmula  
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The p a r a m e t e r  A depends on the specif ic  power and the t he rma l  re luctance  of the probe  and is de te rmined  
f rom the p r e l i m i n a r y  cal ibrat ion of the probe  in a s tandardized medium with known thermophys ica l  p r o p e r -  
t ies.  

tion 
Then at q = eonst  the t he rma l  conductivity of the medium studied is de te rmined  by the s imple  equa-  

k = ~s Ats 
At (3) 

Equations (2) and (3) allow one to de te rmine  the thermal  conductivity by both the absolute and the 
re la t ive  methods.  HoweveT, one can exp res s  the the rma l  diffustvity only with the re la t ive  method. 

We observe  the heating of the same probe  in two media:  s tandardized and exper imenta l .  Since the 
probe t e m p e r a t u r e  is a function of the the rmophys ica l  p rope r t i e s  of the surrounding medium, wri t ing Eq. 
(1) for  the different  media  and equating their  left-hand pa r t s ,  a f te r  uncomplicated mathemat ica l  t r a n s f o r -  
mat ions  we obtain a calculated equation for  the the rmal  diffusivity of the medium 

a -  ~sas'~ 
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TABLE i. Dependence of Thermophysieal Charac te r i s t i cs  of Cul- 
ture Liquid on Content of Dry Matter at Boom Temperature 

),.10 -3, kg/m 3 Cont. dry, % X, W/m. deg a �9 10 7, m2/sec c-10 "8, 1/kg. deg 

1,05 
1,05 
1,05 
1,05 
1,06 
1,06 

1,0 
1,1 
1,3 
1,4 
1,6 
1,8 

0;58 
0,58 
0,57 
0,56 
0,52 
0,48 

1,40 
1,40 
1,40 
1,40 
1,35 
1,31 

3,95 
3,95 
3,88 
3,81 
3,63 
3,46 
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Fig. 1. Dependence of thermal  conduc- 
tivity coefficient )t in W/m .~ of entobac- 
terine on the temperature  t, ~ at dry  
mat ter  contents:  1)1.8%; 2)1.4%; 3) 
1 . 0 % .  

or  with re fe rence  to Eq. (3) 

as~sAt 
a - -  - -  

, (4) 

where T s and T are the time of reaching a uniform tempera ture  in the standardized and experimental  media, 
re spec ttvely. 

The specific heat capaci ty is determined f rom the well-known equation 
)~ 

c = - -  ( 5 )  
a? 

(3 / is the density of the medium). 

A probe of the following construct ion was used in our investigations. A eonstantan wire  0.1 mm in 
d iameter  was used as the heater  while the temperature  pickup was a copper res is tance  the rmomete r  (0 
= 0.05 mm). Both wires  were coiled bif i lar ly on a medical needle, and after the needle was removed the 
spiral  was immersed  [ n a  solution of s i l icon-base lacquer and dried in an oven at t = 100-120~ Such a 
preparat ion of the probe allows one to avoid an insulating coat since the thin layer  of the polymer  deposit  
provided sa t i s fac tory  mechanical  stability to the spiral .  

The tempera ture  of the probe was defined as the mean integral value along the whole length of the 
probe. The sensit ive element of the probe had the dimensions:  D = 0.6 ram, L = 25 mm. 

There is at present  an urgent search for  new effective methods of drying thermolabile solutions, sus-  
pensions, andpastes  (foodstuffs, bacter ia l  and chemical  preparat ions) .  It is natural  that in developing and 
studying new methods and sys tems  of drying one must know the thermophysical  proper t ies  of the mater ia ls  
under examination. The probe method may be used with success  in determining the thermophysical  cha rac -  
te r i s t ics  of a given c lass  of mater ia ls .  

We studied the thermophysical  cha rac t e r i s t i c s  of an entomopathogentc bacter ia l  preparat ion for plant 
protect ion:  entobacterine in a liquid (culture liquid) and in a paste- l ike  condition and food yeas t  (paste). 
The dependencies of the thermal conductivity and diffusivity on the mois ture  content and tempera ture  were 
determined.  

The entobaeterine culture liquid consisted of a water  suspension with a low content of dry mat ter  (2- 
3%). However, the thermophysical  proper t ies  of the culture liquid differed considerably  f rom the thermo-  
physical  proper t ies  of water  because of the products  of metabol ism (alcohols and es te r s  of var ious  chemi-  
cal composition) produced by the mic roorgan i sms  in the p rocess  of their  vital activity. 

Data on thermophysieal  proper t ies  (thermal conductivity, heat capacity, and thermal  dtffusivity) of 
the culture liquid in relation to the content of dry mat ter  is presented in Table 1. The variat ion of dry  
mat ter  content in the culture liquid in the range of 1-2% is determined by the sys tem of cultivation of the 
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Fig. 2. Dependence of thermophysical  charac te r i s t i cs  of pas te-  
like entobacterine (A) and yeas t  (B) on moisture  content, a, m 2 
/sec; c, J / k g ' ~  h, W/m-~ w, kg/kg. 

entobacterine culture.  Bacter ia l  preparat ions  are thermolabile products.  They contain c rys ta l - l ike  in- 
clusions of protein nature which cause the insect toxicosis and these protein mater ia ls  are destroyed at 
t empera tures  above 60-65~ Therefore  determination of the thermophysical  proper t ies  at higher tem- 
pera tures  does not have pract ical  significance. 

As seen f rom the table the coefficient of thermal conductivity of the entobactertne (culture liquid) de- 
c r ea se s  with an increase in the content of dry  matter .  This may be explained by the fact that the increase 
in dry mat ter  ra i ses  the content of metabolic products which probably shows up in changes in the s t ructure  
and chemical  composit ion of the given mass .  

The dependence of the coefficient of thermal conductivity on the tempera ture  at different contents of 
dry mat te r  is presented in Fig. 1. In the range f rom 0 to 60~ the effect of each of the fac tors  appears to 
be slight: 7~ changes by 14% relat ive to its room tempera ture  value, and by 20% with an increase  in dry 
mat ter  of almost two times. But one must  take into account the joint effect of both factors  in a calculation 
of drying conditions. Prac t ica l ly  no change in the coefficient of heat capacity is observed in this t empera -  
ture range. 

We note that the p rocess  of drying bacter ia l  preparat ions  is accomplished at present  not only by the 
direct  del ivery of the culture liquid to the drying apparatus,  but also by methods providing for pre l iminary  
mechanical  dehydration of the product with its final del ivery in the fo rm of a paste. Therefore  it is des i r -  
able to know the thermophysical  charac te r i s t i cs  of entobacterine in this aggregated state. The paste con- 
s is ts  of a v i s cous -e l a s t i c  liquid with a moisture  content of 70-80% (y = (1.08-1.12) �9 1 0  3 kg/m3). The change 
in the thermophysical  proper t ies  of the paste as a function of the mois ture  content is presented in Fig. 2A. 
The moisture  content was determined by the usual standard method. The nature of the dependencies c o r -  
responds to the known concepts of the effect of the moisture content of mater ia ls  on their thermophysical  
proper t ies .  Analogous data for yeast  are presented in Fig. 2B. It is seen f rom the figures that the ther-  
mophysical  coefficients change within the following ranges:  

for  an entobacterine paste 
~=0,36--0,49, 

c= (2,8.3,3) �9 l03, 
a=  ,(0,9--,1,4) �9 10  -7 ,  

for  yeast  
'V = (1,09.1,1) �9 103, 

.k=0,27--0,5, 
c= (2,63.3,43) " 1 0  3, 

a=~(0,92-- 1,37) �9 10 -7. 

It was found as a resul t  of the study that the thermophysical  proper t ies  of a b tomass  depend on the 
moisture  content, content of dry  matter ,  and the temperature .  Therefore  in choosing the optimum p a r a m -  
eters  of the p rocess  of drying the b iomass  these dependencies should be taken into account, determined 

b y  the need to p rese rve  the quality of the dried product. 

t is the temperature;  
"r is the time; 

N O T A T I O N  
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radius of probe; 
thermal diffusivity coefficient, m2/sec; 
thermal conductivity coefficient, W/m. ~ 
specific heat capacity, J /kg.  deg; 
Fourier number; 
specific heat flux, W/m; 
probe constant; 
density of medium, kg/m3; 
probe diameter; 
probe length. 
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