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An experimental stand for research of heat exchange is developed. Methods of implementation, 
measuring and treatment of experiments are led. Be explored and analysed intensity of heat exchange 
to the multi-component  organic media for conditions of work of the bioconversion systems. 
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The temperature conditions have a substantial influence on the quality of technological proc-
ess and the productivity of biogas unit (BGU), as temperature fluctuations within 4…5 °C change 
the microbiological activity rapidly [1]. 

The substance heating is performed directly in the bioreactor (BR) as well as outside in the 
special heater. The latter method has some advantages. First, the difference between the sub-
stance temperature in BR and the one that entersit is very slight. Second, the heater location out-
side BR makes its maintenance and repair much easier. Besides, the substance heating before 
BR is performed both under anaerobic and aerobic conditions.  

The raw material for biogas production can be found among the wastes of agricultural produc-
tion (cattle and poultry farm sewage, plant wastes), municipal and industrial sewages, containing 
organic matters. Joint fermentation of several wastes types results in the increased biogas output 
on unit metantank [2]. As the result the mixtures with different organic matters contents, different 
mass correlation, indefinite heat- physical parameters are formed. 

For determination and substantiation of dependences  to evaluate the coefficient  of convec-
tive heat transfer it is necessary to determine the heat and physical properties of substances of 
different origin according to the conditions under which BR operates. The research of heat and 
physical properties of such mixture combination groups contains extra difficulties and remains 
problematic [3, 4]. So, for wet materials, including materials of plant and cattle origin, the defini-
tion of heat and physical properties is complicated by the variability of mixtures, the presence of 
mass exchange processes, chemical and biological conversions. The study of thin threads, thin 
films being several micrometers thin are generally not possible in the terms of industry [5]. 

The aim of this article is working out the experimental stand, methodology of measuring, carry-
ing out the research, studying and analyzing of heat transfer in multi- component environment.  
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Fig. 1. The principal scheme or the experimental unit: subsystem � — 1 — vessel; 2 agitation device; 3 — heat exchanger;  
subsystem �� — 4 — body of heat generator; 5 — electric heating element; 6, 7 — elevating  and lowering pipes re-
spectively; 8 –centrifugal pump; subsystem ���  —  1′, 2′, 3′ — thermocouples 
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Fig. 2. Process chart: 1 — dry matter mass concentration curve; 2 — temperature changes of mixture in the tank; 
 3 — average heating water changes in �HE; 4 — heat capacity changes in �HE 
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Fig. 3 The notion of heet emission coefficient depending 
upon dry matter concentration: 1...4 — calculated 
and experimental results for water; 5, 6 — mixture, 

%=τ h  and �&%
�

=τ  h 
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Organic participles of plant origin in multi- component environment are the wastes, obtained 
by beat purification, the dimensions of dense participles dt = 0,1...1 mm — 70 %, dt = 10...20 mm 
— 1 %, 1 mm < dt < 10 mm — 29 %. 

The experimental stand (Fig. 1) consists of three subsystems shown in Fig. 1 Subsystem I — 
is the vessel 1 with heat exchanger 3 and mixer 2. This vessel is a cylinder with the diameter  
D = 0,175 mm; L = 0,475 mm, which is closed from upside. 

Subsystem II — is the system of heat transfer agent preparation and feeding in heat ex-
changer 3,installed in the vessel 1 with the mixture. Thus the coil heat exchanger (CHE) 3 is at 
the same time the element of preparation subsystem and heat transfer agent element. Subsystem 
II includes the following elements: coil heat exchanger 3, heat generator body 4, elevating  6 and 
lowering pipes, centrifugal pump 8, air bleeder, electric heater (EH) 5, and the power supply unit 
9. The electric power of  EH was regulated by the automatic transformer.  

The measuring devices on the stand are: chrome- kopel thermocouples 1', 2', 3', of L type with 
 �! " !#$% &'$!$� ��� "�%�()�)' �* ,���� �+,)� %$-�'$��'+ $(()�)' �* ��� �+,)� ! & �$% ( %% "�%�(e-
�)' �* ,��� �+,)� ./) ')%$� ") )''�' �* ��')�&�/ �* 0#'')�� $�! "�%�$&) ()$�#')()�� ! ! ��� )x-
ceed 1,1 % and 2,2 % correspondingly. The error of  environment temperatures is 0,075 °C. 

The experiments were carried out in two runs .In both cases the concentration of dry sub-
stances Cc in the mixture changed from 4 to 14 %, temperature — 20...40 °C. Electric power  re-
mained stable during the research. The heat exchange output reduced insignificantly with tem-
perature increase of  heating water due thermal losses into the environment (Fig. 2). 

The first series of heat exchange research between CHE and the mixture was carried out in 
the following way. Water was poured into the tank and subsystem II was switched on. The water 
temperature in the tank was measured as well as temperature of the heating water at the inlet 
and outlet of the coil heat exchanger. When the liquid inside the tank 1 reached 40 °C subsystem 
II was switched out. When the liquid in the tank 1 reached the temperature t = 40 °C, the subsys-
tem II was switched out. When water reached the temperature of the environment, the first portion 
of organic matter was added to it in such amount that mass concentration of dry substances be 
Cc = 4 %. 

After that the mixture in the tank was mixed by means of the mixer rotating 38...40 r.p.m.. At 
the same time the subsystem II was switched on and all above mentioned temperatures were 
fixed. The agitation was done periodically with the interval of 15 minutes. The temperature was 
maesured before each agitation, i.e. in 15 minutes after the previous agitation. 

When the temperature of the mixture reached tc = 40 °C the subsystem II was switched off. 
The mixture was cooled to the temperature of environment tenv t0 and dry organic matter was 
added in the ammount enough to increase the dry matter concentration by 2 %. Further research 
was carried out according to the methodology described above. Thus the concentration reached 
Cc = 14 %. 

The series of experiments with the mixture time delay 170 h before the experiment was organ-
ized in the following way. The mixture with mass concentration of Cc = 4 % was delayed indoors 
the temperature being 17...24 °C for 170 hours and then it was poured into the tank. The level of 
tank filling h = 125 mm, the height of free mixture surface above the heat exchanger h1 = 25 mm. 

Specific heat flow from heating water to the mixture was calculated according to the formula (1). 
Value Qz was determined from the balance equation (2).Total heat output of losses  was de-

fined experimentally and calculated  
Heat losses of the circulation circuit into the environment, which were determined experimen-

tally, regarding  electric power of EH constitute 16…25 %. 
The relative error of Qz  calculation was evaluated to be 2,5 %, which is the lowest in compari-

son with alternative methods. 
The discrepancy between the experimental and calculated ammount of heat loss from circula-

tion circuit is δ′ = 2…15 %. 
The coefficient of convective heat exchange to the mixture is determined by the formula (3). 
The temperature of the outer heat exchanger wall was taken as the average temperature of 

heat –transfer agent  in the circulation circuit taking into account thermal resistance of the wall 
and thermal resistance of  convective heat exchange from heating water by the dependence (4)). 

As a  result of processing  of a number of experiments  it has been estimated that relative er-
ror for  determining of convective heat exchange coefficients applying  the above-mentioned 
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technique did not exceed 8…10 %. 
Fig. 3 shows experimental and calculated results determining convective heat exchange coef-

ficients from CHE heating wall towards organic mixtures with different dry matter concentrations 
in water and to water  under the conditions of constant electric heater power (QE = 96 Wt). 

Experimental and calculated data for water almost coincide, points 1 — 2. Convective heat ex-
change coefficients for water were calculated according to the known criterional dependence (5). 

The distinct regularity is observed for the condition τv <170 h and 170 ≤ τv ≤ 400 h — α = f (��) 
at t� = 20...40 °- 1 �/ �/) $")'$&) !)" $� �� *'�( $")'$&)! "$%#) #, �� 		 % of points 3 and 4 in 
Fig. 3. But in this case it is possible to assume the dependence α = f (C�, τv) for organic admix-
tures of the above mentioned nature.  

In the process of research we observed how two-phase system ''solid dispersed phase-liquid 
dispersed environment'' gradually turned into three-phase system. In addition the gas phase oc-
cured due to bio-chemical reactions. As it is known from the references [7—10] such mixtures are 
characterized by tixotropity and polydispersity which leads to forming of two solid particle layers: 
the upper layer with a crust and the lower sediment one. There is a liquid phase between them. 
That is why during the experiment we performed periodic mixing in order to create the hanging 
layer oforganic matter. 

Fig. 3. shows points 1, 3 — respectively calculated data for water at the temperature 20 and 
40 °C under the condition of free convection and agitation; 2, 4 — experimental data for water at 
temperature 20 and 40 °C under the condition of free convection and agitation; 5, 6 — mixture-
with delay time before the experiment τv = 0 h and τv > 170 h. 

According to the graphical dependence (Fig.3) we can conclude that convective heat ex-
change coefficients to the mixture with the delay time τv < 170 h and 170 ≤ τv ≤ 400 h before the 
experiment are 1,7—7,5 time less in comparison with convective heat exchange coefficients to 
water (t = 20…40 °C). The deviation from the average value a to the mixture does not exceed 
40 %. The variation in a values can be explained by the fact that the temperature of the mixture 
during the experiment at C� = const changed from 20 to 40 °C, and the temperature head is within 
�t = 6…11 °C if Cc = 4…14 %. 

The influence of τv expresses itself in the fact that the solid phase during fermentation and 
heat processing binds the moisture [10], it leads to changing of its size as well as to changing of 
correlation between volumetric constituting components. But the delay time before the experiment 
did not have any substantual influence upon the intensity of heat exchange. 
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1. By means of elaborated experimental unit the values of convective heat exchange coeffi-
cients to multi- component organic substances concerning operation conditions of bioconversion 
systems have been defined. 

2. As a result of the research it has been found out that the heat exchange intensity to organic 
mixtures with mass concentrations of  Cc = 4…14 % in  larger volume with free convection is 
1,7...7,5 times less than to water. 
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3. Time delay τv has shown no substantial influence on the intensity of heat exchange 
process.  

������ ��	
��	
��

������ ���	
���



����������

�� ������ ��	 
��� 
�	 ���������� �� ������� ������ � ��������� � ��� �����	 ����� � � � ��
�� !����"#� !� !� $�%��&���'� ��#������� ���(��)���� �)��*�%���� )��&���' ++ ,����#������� � ���"����-

)���*���� � �..�� �/  � � 0� 1��.�
1� ���2���� $� 3�4 $������% 
� 5�	 6������� 7�5� ������2�8 ����%� &����9%���� �����&� ���&����)8�8��:8;

�������� )8�����%�; "�����%�� ++ $"2���8 ��#�����8;	 &����8��� 8 ������"�:8; % )"�8%��:�%8� <)8���� ��"�� ��� =>
5��"��� ��"��-��#�� ����� � 58���:�� � �.. � � $� ?.�?��

 � ���2���� $� 3�	 $������% 
� 5�	 6������� 7� 5� <���*����8 ��� �:8��� ���2��@ ����8:8A��8% �����%8���28 %
�����&�# ���&����)8�8��:8; )8�����%��� �������� ++ 58���� 58���:@���� ���8��#�82���� 8�����"�"	 �.. � � / �� �
$� BC�?.�

C� D���"��% 
� $�	 �"��%�E $� 
�	 �"����� 5� 5� ���������2����� ��&������ � ���)��'� � F�� ��G��������-
���	 ���B� � �CB ��

B� ��#��% �� H�	 ��#��%� I� �� J���%' �����������2�� I��� �K�	 ���������� ���� ,������	 ��??� � 1  ��
?� 6���E�:%�� H� �� $��"��"��'E ������ &�#����&�% %�%�G�%���� 2����: % �"�)"������& ������ ����G��E

����' *�������'# ��������'# �����& ++ D��)��&' (���������	 �..1� �/ � � �.� � $� ���1 �
�� H�����% H� I�	 !��")�% F� !�	 �"#����% L� $� ���%����%�'E ������)&�� ��� ��2���� %���������'# (&"�@��E

% ��������# �)M����% ���&'���%�E �������%�� ����� ++ D��)��&' ����������	 �..1� �/ �� �� � $� C �C��
�� N�@�% 7� ��	 ����E���� �� H� O�����-#�&�2����� &�#����� � �����������:�� �)����%���� ��P�%'# &����

� ��� D�P�%�� ���&'G�������@	 ��?B� � � . ��
�.� N�@�% 7� ��	 ����E���� �� H� D�P�%'� ��������'� �����&'� � ��� D�P�%�� ���&'G�������@	 ���C� �

��B ��

����������	�	 �	�����
 ���������������

�	�����	 �� ���	���� ��������
����������	�	 �� ���������	�� ���!����

�������� �	��
���
 ������
�� � ��������� ��	
���
 �������	 ��	��
� �������
���

�� � ����������
 ������
� �
��� ��
��
�� � ���
���

"	����	 ���������������# $�����%��� �	����	�%��� ��&��'��� ������(����

�������� �	��
���
 ���
��

� — ��������	
 �����
�
, ���
���	 ��	���� ����
�
��
�� — 
���	
���, ������
� �
���
� ��
��

� — ������� 
"	����	 �����)���������# $�������� �	����	�%�*� ��&��'�(��� ������(����

Stanislav Tkachenko — Head the Chair, Natalia Resydent — Post-Graduate, Yevgen Lariushkin —  
Assistant Professor. 
+,-./ 01 23-4 5063/ 378.733/.78# 9.77:;<.- =-;.07-> ?3@,7.@-> A7.B3/<.;:


