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������	� 
'��	
������ ��������	
� �� 
�����	
�� ������ ����
��	
� �
����	��� 

����
�� * 2 � ����� � ����
�	�� ������$
�� ����� �
����	�� ����
��� 
 
�����. 

%�����$

 ����
��	
� � 
�����	�� ���
�	�� ����	� ������
�� 50% ���� 
	� 50% �
����	��� ����
��. 

-�����	
� $����������	� ������
��, 	��
	�� � 10% ���� 	� 90% 
�
����	��� ����
��, �������		� ����
�
��� ���
������ ���� ��� �� ����� 	� 5%, 
�����������		� ���	���� ��� �� ����� ���
������ �
����	��� ����
�� � ����
 	� 
5%. 

.�� ��
�������	
� ����
 �
����	��� ����
�� *2 � ����� �������������� 
��
��	��� ����	�& ����������	�& ����, ��� �������
����	�� ��������
 
�
 
#
�����$

. %����	�� �����
�� ���� 
�����	� � /
��	

 (.������) ��
 ���� 
�
	����
��$

 ���� 	� ���� 200 �
��
����� 	� �
��. 

��
�� 	��
�
� � 	���� �����	

 �����������&
� ������� ���	
����
� 
����	
�, 	� �������&
� ����
�� 
�����	
� ������������ ��
��	��� �� �� 

����������	�& ����, � ������� � ��������
�
������ �������� (
�������	
� 
	���� �����	

) ����� ����
��	 �����	� 3���	���
 �� 11 ��
	
$. 

4�
����� ���	���� 
��		� �������
 �������� ����	
� ������		�� ����
 
�
����	��� ����
�� 
 ����, � ����� �	��
�� ����	� ������	�	
� ������	�� ����� 
��
����
 ����� 
 �����, ���������� 
�����	
� ������		�� ��
 ����
��	

 
������

 	����� � 
�����	
� ��
 ��
��	�	

 ���� ������

 � ������� (� 
�����
�
 ��������
��
���
, �����		��
 � ������� 	� 	��
 �������). 

!��� �����	
� ����������� �����������
 ��� ��������	��� ����
��	
� 
 
���
�
����	
� ����
�	�� ������ � �����
� �
������� 25 �
��
������, � 
���
����
����	����&: 

� ����
����	�� 7.5 �����	�� � ��� 

� �
	
����	�� 2.5 �����	�� � ��� 

.�� ��������	
� 	��	��� ��	��
� ����	�� ���
����
����	���
, ��������� 

��������		�� ��� 
�����	
� ��������, ���$
��
��� 	���� �����	

 
��������&� 	� 
��&���� ��
��������	

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

 � �����	
����	�� ��� 
�
 3������. 
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.�� ��������	
� ��������� ���$���� 
 ���	����

 
 ������		�� ������

 
����� 	������
� ��� �� �������� ���������	
� 
 ��
��������	
�, ���&��� 
 

����
����	�� ��
���� 
 
	������	��. 

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

 
������

, ��� ���������	� 	������
�� �������������. 

� ������ ������
� � ��������		�� �������� �������	
� 
�����	
�, 	��� 
�����	
� �������
� 
 ��������� � ���
 �������� 
�����	
� 
 ������	�� 
�����
� �
���	 
���������	��� ���������	
� 
�
 
���������	��� ���	��. 
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����� ��������	��	�� �����	�, ������� ���� ���� ������� ��	 
�����	 ��������� ��� �	���	������� ����	���	� 	 �	����	���	������� 
���	�	�����	� �	������� � ����	��� ���������� ������ 

 

8�������
��
�� ������
�, ������� ����� ���� ������	� ��
 ����
 
���������� ��� �
	��
������� ����
��	
� 
 �
����
	��
������� ���
�
����	
� 
�
������� � ����
��� �������	�	�� ������ 

"�����

 ����� ���� ������	� � �
	��
����
 ���
�	�� ������ ��	�� 
� 
�
�������, �����
� � ������
&. .�� 
��������	
� ������

 	�� 	������
����
 
��
��	��� ���	����
����
� 3�����
, ���������� ��� ��
�������	
� ������

 
�������� �����& ������������. 

.�� ��
�������	
� ������

 	�� 	������
����
 ��
��	��� ������� 
 
������������ �����	
�, � ����� 	�� 	������
����
 � ��
��	�	

 �������������� 

���	����
�. 

����� ��
�������	
� ������

 	� ��������� ����� ����	��. %�������� 
������

, � ��� �
��� 
 ������� ����
$ �3 �����	�	��� ��������&��� �������
�� 
�����������&
� ���$
� 
 ������� ���������� ��� �
	��
������� ���
�
����	
� 
�
������� � ����
��� �������	�	�� ������. 

%��$��� ��
�������	
� ������

 ���
����
� � ��	� 
 �� �� ����� � 
������	
��$
�� 	� ������ �� �������� ����
$ �����	�	��� ������

, 	� 
 �� 
����	& �������	�	���
 ������. 

��
� �������� ������
�, � ������� �������	
� ����	
����
� 
�����	�	��� ��������� �������	
� 	�����	
����
� �����	�	��� 
 ������� 
������	� ��
 ����
 ���������� ��� �
	��
������� ���
�
����	
� �
������� � 
����
��� �������	�	�� ������: 

1. ��
� �������� ������
�, � ������� �������	
� ����	
����
� 
�����	�	��� ��	���, ��� �������	
� 	�����	
����
� �����	�	���, 
 ������� 
������	� ��
 ����
 ���������� ��� �
	��
������� ���
�
����	
� �
������� � 
����
��� �������	�	�� ������ 

2. ��
� �������� ������
�, � ������� �������	
� ����	
����
� 
 
�
����
����
� �����	�	��� ��������� �������	
� 	�����	
����
� 
�����	�	���, 
 ������� ������	� ��
 ����
 ���������� ��� �
	��
������� 
���
�
����	
� �
������� � ����
��� �������	�	�� ������ 

3. ��
� �������� ������
�, � ������� �������	
� ����	
����
� 
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�
����
����
� �����	�	��� ��	���, ��� �������	
� 	�����	
����
� 
�����	�	���, 
 ������� ������	� ��
 ����
 ���������� ��� �
	��
������� 
���
�
����	
� �
������� � ����
��� �������	�	�� ������. 

 

 

(
��	�� 1. %�
��� �������
��, � ������� ���	� 
����������� ��
��		�& 
���	����
& 
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!���� ����	� ��������		 ��	��������	� �����	� ������ 	 
����	���� �����	� � ��������	 
 

��	��	�� ���
�
� ������������ ����

 ������	
� ������

 ����&������ � 
���, ���:  

� ������
� #���
������ � ���������� ��� �
	��
������� ����
��	
� 
 
���
�
����	
� �
������� 
 �����, � �
	��
�	�� ������ 60 % ��	��� 
� 
�����	�	��� ������

 � ������� ����� � �
�� �
	��
������� ������, �������� 

40% ����� �� �����	�	�� ������

 
 ����� ����� � ����� ����
	�	
� 60 
 40 
���$�	��� ��	��� 
� �����	�	��� ������

 ����
��� ������ �����	�	� ������

, 

����� � �
�� �
	��
������� ������; 

� �����
 60 
 40 ���$�	��� ��	��� 
� �����	�	��� ������

 ����&��� 
�����
���	��
 
 ����	��
 � ��3����	�� �������	����, � ������� ��
 #�����	�� 
������� ��
�����; 

� ��
 ���� �
	��	�� �������
 ��
��	
� ������ 
� 40% ��	��� 
� 
�����	�	��� ������

 ��� �
	
��� � 4 ���� �������&� �
	��	�� �������
 
������ 
� 60% ����� �� �����	�	�� ������

; 

� #
�
����
� �����
� � ����� ����
	�	
� ��
� �������, ���&��� 
��	$�	��
����
� �##���� =��	���
 � ������ 
� ������� �������
��&� 
������	
��$
& �������	�	���
 ��>��
	3		��� ������ (�������	�	�& 
������	
��$
&); 

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

 ����
��� � ��	�, � 
������� ���������	� �������	�	�� ������	
��$
�; 

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

 ��
�������� ������	
� 
������	
��$

 ����	� �������	�	���
 �� ����� ��>3�� 
	����
����		��� ������ 
�� ���� ������ ����	
� ����� ������; 

� ����� ����� ���$���� #���
����	
� ������	
�
����		�� �� ����	& 
�������	�	���
 ������

   �� ����3��� ���������� 	� ����� 0.1 ����	��; 

� ����� 
� ���������� ��� �
	��
������� ����
��	
� 
 ���
�
����	
� 
�
������� 
 ����� � 
	����
����		�� (
������3		��) ���������� 	������& 
����
	3	 � ������ � ���	����	�� 	���� �������� �����	
� (��
��	����� 	� 
�&��� �������		�� ��
������ �	����		��� �����	
� ��� �
����	��, ��� 
 
��	�
	����); 
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� 
	������ �����	
, 	������
���� ��� �������� ����
�	�� ������

 � 
������	
�
����		�� ����	�� �������	�	���
 � �����
� $
�
	��� 	����� 
�������� �����	
� 	� ��������� �� ����3��� ����� 0.1 ����	��; 

� � 	����� �������� �����	
� ������
� � ������	
�
����		�� ����	�� 
�������	�	���
 ��
������ �� �����	
� ����� 2000 ���, ��� ��������� 
���������
��, ���, ������ ��������	
& 	�	� – ������

, ��
 ����� ����	� 
����
� ���
����
� �3 ��
	 $
�� ������	
��$

 ������

, ���	
��&�� ��
 �3 
����

 � ����	���� ��>3��, ��� ����� ����
#
$
�������� ��� ���$��� ������	
� 
	�	� ������

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

; 

� ��
�� ����, ��� �� ����	�� ���	
�	���	
� ������	
��$

 �� ����	& 
�������	�	���
 �� ����	�� ���	
�	���	
� ������	
��$

 �� ����
� ������
� 	� 
����� 0.2 ����	��, � ��3��� 
	���	���
 ��
� ���$����� � ������ �
�����
, ���	� 
��
���� ���$��� ���	�� ������	
��$

 ���	����& ��	����	��; 

� �����		�� 
	�������	�� ���$��� #���
����	
� ����	�� 
 
��3����	�� ������	
��$

 � 	������������ �
	��
������ ��	����	� 
�������	�	�� ������ ����
������ � ������
& �
������� ���
� ������� ���	� 
��
���� �������������	�� ���$����� ������	
��$

 ������

 
 �3 ��������� � 
��	$� ���$���� � �������
& 	�	� ������
�; 

%� ����� ������ 	��
 ���� � ������ �#���
����	� ������
� 
� �
����	��� 
����
�� 
 ����������	�� ����, ������� ��
 ��
��	

 � ������ �����	
� 
�
����	��� ��
������ �������� 	�����	�� ���������
, 	� �������&
��� � 
����
��$
��, 
 	� ������		�� � �����
����		�� ����������� 	���	�� 
������
��	��� 
 
��������	
�. "�� ��������� ���������
��, ��� ���� ������	� 

��		� 	�	�������
�, ��� �����		� �������������� 
 ��
 �	��
�� #������#
� 
������

 ��� �
���������. 

-	����
����		�� ����������, �������� 
� �
����� ����
��	
� 
 
������	
��$

 ����	� �������	�	���
 ������

, �����		�� 	������& � 	������ 
�������� �����	
� ��� ��>����� ������	�� �������
������ ������	
��$

 
������

 ��� �����	
��, �� �������	� ����� ����� ����� ������
 
������	
��$

, ��
 ����
����	�� ��	����	���
 ����������	
� ����
$ ��	��� 
�����	�	�� ������

 � ��>3�� ������	
�
����		��� �� ����	& �������	�	���
 
������� �����	�	�� ������

, ��������� ����
#
$
������ �������������	�� 
���$��� #���
����	
� ������

 ��� 	���� 
 �������&
� �����
�� ����	�& 
������	
��$
& ������

 � ��������� ���� ������

 � �������
& 	�	�������
�, 
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	� � 	����
 ��
���
��
 ��	����	���
 ��� �� �������

, ��� 
 �� ����	& 
�������	�	���
. 

"�
 #���� ������� � ���, ��� ��
��		�� ���$��� 
 
	�������	�� ���������� 
��� ��� ����
��$

 ����&��� 	����
 
 	� ����
�	��
 ��� �&���� ����	�� 
����
#
��$

 ���$
��
��� � ���� ������
. 

@�� 
�������	�: 

� 	���� �
� 	�	�������

 � ����	�� ��3����	�� ������	
��$
�� � 
�
	��
������ ������ ��� �� ����	& �������	�	���
, ��� 
 �� �������

 ����
$ � 
�3 ��>3��; 

� 	���� �
� 
 ��	#
����$
� �������� ��� �������������	�� 
������	
��$

 � ����
��� �
	��
������ ������ �
������� – �����	�	��� 
������

. 

  

 
(
��	�� 2. %�
��� �������
��, � ������� ���	� 
����������� ��
��		�& 

���	����
& 
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"����		 
 

"�����

, � ������� �����	�	�� ����	
������� ���
������	
� �����	� � 
�����. � ��
� ������
�� �����	�	�� ����	
������� ���
������	
� �����	� � 
����. A����	�	���
 ����	
������� ���
������	
� ����� ���� �����������	�� 
�
�����
, �
�����
, �������
� �����
� ��	$�	���$

 �
���, �����, 
������
����
� ������������� 
 �. �. 

� ������
�� ����� �
�� �������	
� ����	
����
� �����	�	��� � ���� 	� 
��������� 50% �� ���� ���� ������

, 	� � �����
	���� ������� ��� 10 – 20 % �� 
���� ���� ������

. 

!�
����� ���	�� ��������� ���
� ������
�: 

� ������� ����
$ 
�
 ������ �
�����
 ����	
������� ���
������	
� � 
����; 

� ���	����	���� ����������	
� ����
$ ����	
������� ���
������	
� � 
����; 

� ������
����� �������� ����
$ 
�
 ������ �
�����
 ����	
������� 
���
������	
�, ������������� ��
� �������� 
 ���
�� �����	
, � ����	

 
�������� �����	����� ���	����	���� ����������	
� ��
� ����
$ � ��>3�� ����. 

-�����	
� ������
� ����� �
�� ����� 
���� 	�����������		�� �������� 

�����	
�, ��
 ������� ������

 #���
��&��� 	� 4��������� ��� #���
����	
� 
������
�, 
 ������		�� ������
� 
���������� 	� ������� 
�����	
�: 

� �������� ����
$ 
�
 ������ �
����� �����	�	�� ����	
������� 
���
������	
� � ����; 

� ���	����	���
 
 ��	����	���
 ����������	
� ����
$ ����	
������� 
���
������	
� � ����; 

� ��
����	���
 ���
��� ������
����
 �������� ����
$ 
�
 ������ 
�
�����
 ����	
������� ���
������	
�, �����	�	
� �������
������ 

������������
 ��
� �������� �� �������3		�� ���
�� �����	
, 
, ���
�� 
�����	
, � ����	

 �������� �����	����� ���	����	���� ����������	
� ��
� 
����
$ � ��>3�� ����. 
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"����		 	 	� ���	�	� � ���	�	����	 �� ��������� #������� 
(������ ����
$ �
��
� �����	�	��� ������
� ��������&� ��	��	�� 

�������� 
 ��������
��
�
 ������
�. @�� ��	��� ������� ����
$, ��� ���� 
�������� ������

. %��
�������� ������
� �� ���	����

 
 	� ���������� ��� 
�
	��
������� ����
��	
�, ������	
��$

 
 ���
�
����	
�, ��������� �����
�� 
�
	
����	�� �	���	
� �������� ����
$. "��� �������� �������� ��	��	�� ��
 
����
#
��$

 ������

 ��� �
	
������
�, ��� �
���������
� 
 ��� 	�	� 
������
�. 

%�
 ������ 
�����	
�� ���$���� ��
�������	
� ������

 	� ���������� 
��� �
	��
������� ����
��	
�, ������	
��$

 
 ���
�
����	
� ���
 ������	� 
��
�	��
 �	�������	����� ���������	
� ������ 
 ����	��	�� ����
$ 
�����	�	���. "��� #����� ������� ����� ������	�� 
 ������	�� �������
 ��
 

�������&
� 
�����	
��. 

"�����

 
 
� ���
�
� � ���
�
����
 �� #������� ���	����	���
 
����������	
� ����
$ �����	
����	��� (	� ���
	
��&��� �����	�	��) � 
��>3�� ���
	
��&��� �����	�	��. 

 

"����		 	 	� ����	�	� � ���	�	����	 �� ������ �������	��$		 
� �����
����
� ���	����
�� ��
�������	
� ������
� ��� ������	
��$

 

��
��	�&��� ����
�	�� �
�
����
� �����	��. %�
 ��
��	�	

 ��� 
��
�������	
� ������

 ���������� ��� �
	��
������� ����
��	
�, 

������	
��$

 
 ���
�
����	
� ��� ����� ������	
��$

 ���������&��� ������ 
�� ��3� �������

 ���������� ��� ���
�-�
�� �
�
����
� �����	���, ��
 
������	

 ��	��	�� ������� 
 �������� ������

. 

 

"����		 	 	� ���	�	� � ���	�	����	 �� ���������������� ����� 
�������	��$		 

� ������
�� �����
������� �
�� ����������� ������	
��$
� �� ����	& 
�������	�	���
. 

� ���������� ��� �
	��
������� ����
��	
�, ������	
��$

 
 
���
�
����	
� ��� 
���&�
����	�� �������� 
 ���
������� 
������ 
������	���� � ���$���� ��
�������	
� ������

 ����	� 
 �������
�� 
������	
��$
& �� ����	& �������	�	���
. 
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%�	�	�� �������	 �������	��$		 �� ����& �����������	 
��	
� 
� ���	���
� ������� � ������� $
��� ���������� ��� 

�
	��
������� ����
��	
�, ������	
��$

 
 ���
�
����	
� �������� 
������	���� ������� � ��	� #���
����	
� ������

 ��	����	��� #�	� �� 
�������	�	���
 �� ����� �������	��� ����	
& ������� �����	�	��� ������

. 

A���� ����, ��� ��	����	�� #�	 �������	�	���
 #���
���� ��	����	�� 
������	�� #�	 ����
$, ��
	������ �
����
	��
����
� �����
� � ��	� 
��
�������	
� ������

 �������&� �	
�
�� ����� 	������
��� ��� ���	��� 
��
�������	
� ������

, ��� ���	� ���	� ��
 #���
����	

 ������

 � 
�
	��
������ ������ �3 �����	�	���. 

 

%�	�	�� �������	 �������	��$		 ��	 �����	 �������� ������	� 
������	���� �������������	�� ������ ���������� ��� �
	��
������� 

����
��	
�, ������	
��$

 
 ���
�
����	
� � 	������ �������� �����	
� 
��������� ������� 
���&�
����	�� ���	����	�� �����
� ��� ������	
��$

 ��� 
���������
�� �������� �����	
�, ��� ��� � 	���� �������� �����	
� ��������� 
������
� � ��	����	�� #�	�� �������	�	���
 �� ����� ��>3��. 

 


������� �	�	�	��$		 ��������� ���� ���� ����������������	 
$	����	 �������	��$		 

�����		�� ����� ����� ���$����� ������	
��$

 �������	�	���
 
 
������	
��$

 ��� �����	
��, ��������� ��������� ���������� ��� 
�
	��
������� ����
��	
�, ������	
��$

 
 ���
�
����	
�, ���������� 	� ����� 
10 �
��
����	�  

'���� ����� �����		�� 
	������ ��������� ��
���� �������������	�� 
���$��� ������	
��$

 	�������	�� 
 �������
���� ����
��	���� 
 �������� 
���$���� ����	�� ������	
��$

. 

 


������� ����	��	��$		 �������	 ��	���	� 	�	 ������	� � ������ 
���� ����������������	 $	����	 �������	��$		 

A�� �������
 ������ 
�����	
� ���������� ��� �
	��
������� ����
��	
�, 

������	
��$

 
 ���
�
����	
� ��
 #���
����	

 ������

, ���� � ��	��, �� 
�������� ������
� �����
��� 
� ���������� ��� �
	��
������� ����
��	
�, 
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������	
��$

 
 ���
�
����	
�, ��
�������� �
�����
������� ������
���	
�, 
��������� 
	��	�
#
$
������ ���$��� ��
�������	
� ������

. 

 

'���	��-������	������ ���������	� ���$��$	� ����	�����	� 
 

!���� 
�������	
�: -	����
����		�� �
����� ��� ������	
� 
	�	�����
�	�� ������

 
� ��	�
	� 
 ���	��� 	� ������������	�� ���	$

. 

!� �
��	�� 3 ����������	 ��	$�������	�� ���
�	� 
���������	
� �
����� 
���
�������� ����
�	�� 	�	�������

 	�: ������������	�� ���	$

 
�
 ������ 
�� ���
�������� ����
��. 

 

 

(
��	�� 3. A�	$�������	�� ���
�	� 
���������	
� �
����� ���
�������� 
����
�	�� 	�	�������

 

 

1 – ��� ��� ��	�
	� 
�
 �
����	��� ����
�� 

2 – ��������� ��� ���	��� (
�
 ����	��� � �����, 
�
 ���	��� � �����) 
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3 – 	���� �������� �����	
� (�� ����	��� �
����	��� ��
������) 

4��������� ��� ����
��	
� 
 ���
��$

 ����
�� 4 – TEI (����
� 
������
�, �
����� 25 ��) 

5 – �����	
����	�, - ��������� ��� ���� 

6 – ��	��	�� ���� ��	�
	� 
�
 �
����	��� ����
�� � ���������� ��� 
����
��	
� 
 ���
��$

 ����
�� 

7 – ������ ������ (4) ������ ��� ���������� ����
��	
� 
 ���
��$

 
����
�� 

8 – ���� ���	��� (
�
 ����	���, 
�
 ����
 ���	��-����	�� � �����, 
�
 
����) 

9 – ��$
� ����� ���� 

10 – ���������� (��$
�	���	�) 
11 – ��������	�� ��� ��� ��	�
	�/�
����	��� ����
�� �� �����& ���	��� 

(����	��� 
�
 ����) 
12 – ������ ����
� ������	
��$

 ����
�	�� ����
, - ������	
��$
� 	� 

�������	�	�� ����	� (	���� �����$
�) 
13 – ������ ����
� ������	
��$

 ����
�	�� ����
 (�
���������

) ��� 

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

 (	���� �����$
�) 

%��
������� ���	����

: 
� ��������� ������ – 	�	�����
�	�� ������
�, ������� 
���� ����� 

������� ����	���� �
���, 	
��
� �����	� ����	�$

, 	
��
� ������� 
 
������	�& ���	��
& ����
�� 

� ������� 
 	� ������� ���������	
� ��� ���������	
� �����$

 

� ���������	
� ����� ���� �����
����	� � �������&
� 
��������	�� ���	$
�� 
�
 ���������	
& ���
��������		��� ������
��
� ��� 
���
�-�
�� ���
#
��$
� �������&��� ���������	
� 

� ��� ���
�������� 	�	�������

 	� ��������� ���������$
�		�� ���, 
- ��� �����$

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

A�	#
����$
� � ����������

 � �
��	�� 1 ����� ���� 
���������	� � 
�������� ���	
��-���	��
������� ����	���	
� 
 ����	����$
�		�� �������� 
����	���
. 
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(
��	�� 4 ����	���
���� ������ ���
�	� 
�������	
� � ������� 
	�	�������

 	�����������		� � ��� �������
�� (	� ����	�� ��������	�� 
���	$

) 
�
 � ������� �����.  
 

 

(
��	�� 4. ���
�	� 
�������	
� � ������� 	�	�������

 	�����������		� � ��� 
�������
�� 

 

1 – ��� ��� ��	�
	� 
�
 �
����	��� ����
��;  
2 – ��������� ��� ���	���;  
3 – 	���� �������� �����	
� (����	�� 	���� �������� �����	
� �
����	��� 

��
������);  
4 – ����
�	�� ��� �������
��;  
5 – ���������� ��� ����
��	
� 
 ���
��$

 ����
��;  
6 (��$
�	���	�) – ��������� ��� ����;  
7 – ��	��	�� ���� ��	�
	� 
�
 �
����	��� ����
��;  
8 – ���� ���	���;  
9, 10 – ������ ������ ������ ��	�
	� 
�
 �
����	��� ����
�� (4);  
11 – ������ ����
� ������	
��$

 �������	�	���
 (	����);  
12 – ������ ����
� 	�	�����	
��$

 ��� �����
� �����	
�� (	����) 
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.����	
����	�� ��$
� ��� �������	�� �������	���
����		�� 	� �
��	�� 5. 
 

 

(
��	�� 5. .����	
����	�� ��$
�  

 

1 – ����
�	�� ��� �������
�� (����	�� ��� ���
�-�
�� ���
#
��$
�);  
2 – ���� 	�	�������

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

���	$

;  
3 – ���������� ���
��$

 �����
 ����
�� � ������
 ������ ��� 

	�	�������

 
� ����
�	��� ���� �������
�� (�����	
� ~ 45 #�	��� 	� 
�������	�� �&��;  

4 – 	���� �������� �����	
� �������
��;  
5 – ��	�
	���� 
�
 �
����	�� ��
������ �������
��; 
6 – ������ �����	
����	�� ����
� ������	
��$

 	�	�������

 (������ 

������	
��$
� ��� �������
��	
�);  
7 – ����	�	�� �����	
����	�� ����
� ������	
��$

 	�	�������

 

����	�� 	������ �������� �����	
� ��
������ ����� �������� 
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(�������� ����	���� 	������	� �	����� 
 

Emulsion/Blend Combustion (Objective #2) 
Data was collected from the test cell and combustion analysis system while running the 

engine at the pre-determined speed and load/timings (see table below). The test points 

for the baseline data and with the emulsions were selected such that there was sufficient 

room to adjust the fuel pulse width to account for the additional content of water (when 

water was used in the emulsions/blends) without reaching the maximum output of the 

fuel injectors and high-pressure pump. Although the engine used in the testing has on-

highway applications, an off-road test cycle set of points were used in the testing as a 

suitable surrogate and method of reducing the number of speed/load points. The points 

below were chosen to emulate the most heavily weighted areas of the emissions test 

cycle for a small off road diesel engine. 
 

RPM BMEP 
Injection timing °BTDC   (Final Testing 
Timing) 

2000 5 Bar 4, 8, 12, 14, 16             (8, 12) 
2000 10 Bar  4, 8, 12, 14, 16             (8, 12) 
2000 15 Bar 4, 8, 12, 14, 16             (8, 12) 

 

 

Baseline Combustion Testing 

No water or other fuel type was introduced for this part of the testing and the bypass fuel 

from the engine was returned to the dynamometer float bowl to simulate normal vehicle 

operation. The calibration used was the same one from previous engine testing with the 

exception of running main injection only for fueling. The engine coolant temperature, oil 

temperature, inlet air temperature, fuel rail pressure, and intake manifold pressure were 

held at fixed values, which can be seen in the supplied data files. Next, a sweep of 

injection event timing was performed. For most of the points tested, the main injection 

timing was set to a minimum value of 4 EBTDC and was advanced in increments of 4 
degrees until reaching a maximum of 12 EBTDC. Some of the points were increased in 

timing to 14 & 16 EBTDC to see if the additional timing showed further improvement. 
At each of these injection timing points, the commanded fuel value “throttle %”, as 
indicated in the dynamometer data, was modified to maintain a constant BMEP 

(normalized torque) value. Baseline data were recorded each day and at times multiple 

times during the day to ensure the engine was always operating within normal and 

expected parameters. 

 

Emulsion Combustion Testing 
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At each speed and load point, the blend fuel and/or water was introduced to the system 

with percentages controlled with needle valves. The total flow of diesel was monitored 

with a Micro-motion flow meter to achieve the target flow supply for the FAD. The side 

inlet flow was monitored with a separate flow meter to calculate the 60/40 percentages 

being supplied to the FAD center/side inlets. Flow meters for the blend fuels or water 

were used to calculate the percentages for the mixtures. A set-up using a combination of 

3-way and straight ball valves were used to be able to switch from the FAD and the float 

bowl fuel supply systems “on the fly” for more efficient testing. This allowed the 

baseline with No.2 diesel to be performed every day prior to any emulsion testing. When 

an emulsion was introduced, if the torque output of the engine decreased, then the 

commanded fuel value was increased to achieve the set BMEP value. This was done to 

ensure a valid comparison between the baseline and the various fuel mixtures. The 

injection timing sweeps were performed and the data was collected at each point. Each 

baseline and emulsion percentage point was performed like this, and afterwards the 

engine was run for a short period of time with No.2 diesel with the float bowl to flush 

the system. This also allowed a re-checked with 0% water and with the original base 

calibration to watch for any degradation in engine performance, or change in emissions 

values. Essentially, this also allowed for re-verification of the baseline data. 

 

One issue that was encountered during testing with the emulsions was that the flow 

meter, which was intended to measure the excess FAD emulsion and engine return fuel, 

could not properly measure the flow into the waste collection barrel. With Diesel fuel 

only, the flow meter worked as designed, but with the emulsion fuel blends, the flow 

signal was erratic which resulted in variations in the overall calculated engine fuel flow. 

This, in turn, caused inaccurate BSFC calculations. A sight tube was installed after the 

waste flow meter and before the waste barrel to view the mixture coming out of the flow 

meter. It was found that the emulsion had variations of bubbles and was causing 

fluctuations in the flow meter readings. To correct this problem, a 10 gallon drum was 

placed on a scale and the waste fuel was diverted to it using a bypass solenoid operated 

valve. When taking a data point, the valve was switched to divert the waste flow to the 

drum/scale for mass measurement of fuel flow over time. Although the data is thought to 

be accurate, some degree of error may have been introduced due to the difference in 

measurement equipment between the baseline data and the emulsion testing. 

 

The combustion testing went through three phases. The first phase was designed to be 

broad and cover all the various speed/load points shown above and multiple blend 

percentages. The objective in the first phase was to determine a smaller sampling of 

points for further testing and analysis. After running approximately 300 different tests in 

the first phase, 12 were selected for Phase 2. The results of Phase 1 are not specifically 

discussed in this report. During the second phase, more time was spent running the 12 

select points and validating the results from Phase 1. In our view, the Phase 2 results 
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(tests 1 – 4 summarized in the table below) were consistent with Phase 1 findings and 

Turbulent’s FAD exhibited consistency in its operation and the resulting performance. 

The table below includes a summary of the Phase 2 results. The table provides a 

comparison of the test results versus a baseline. Positive percentages are an 

improvement and negative percentages are a reduction in performance. It should be 

noted that the results might not depict what could be achieved if the FAD were put 

through an optimization process. It is possible that the results might improve further if a 

calibration effort with the FAD was under taken. The combustion testing was also done 

with two different injector sizes. Both injector sizes delivered similar results. Phase 3 of 

the combustion testing is the subject of the “re-blending” tests discussed later in this 
report.  

 

Table below is a summary of Phase 2 and 3 test results: 

Test 
# 

Blend 
Components 

Variables/Results 
5 Bar 

(~70lb/ft) 
10 Bar 

(~140lb/ft) 
15 Bar 

(~210lb/ft) 
      

1 
No. 2 Diesel / 

Methanol 

Blend % Methanol 22.6% 22.3% 24.6% 
BSFC -17.9% -14.1% -18.0% 
Net Cost Benefit/unit -0.7% 3.0% 0.9% 
Nox (ppm) 1.6% 6.4% 15.5% 
Smoke (FSN) 85.7% 81.5% 35.1% 
Brake Thermal 
Efficiency 

-3.9% -0.8% -2.8% 

THC -230.0% -2.8% 16.1% 
Injection Timing (BTDC) 12 8 8 

       

2 
No. 2 Diesel / 

Methanol / Water 
(Pre-Mix) 

Blend % Methanol 18.9% 20.0% 19.6% 
BSFC -17.1% -13.4% -13.8% 
Net Cost Benefit/unit -2.7% 1.9% 1.2% 
Nox (ppm) 3.3% 27.8% 38.8% 
Smoke (FSN) 73.7% 62.5% 17.6% 
Brake Thermal 
Efficiency 

-5.3% -1.6% -2.1% 

THC -40.0% 8.5% 9.4% 
Injection Timing (BTDC) 12 12 12 

      

3 
No. 2 Diesel / 

Water 

Blend % Water 20.1% 20.4% 19.7% 
BSFC 3.5% 0.6% -0.4% 
Net Cost Benefit/unit 3.5% 0.6% -0.4% 
Nox (ppm) 19.8% 25.6% 26.9% 
Smoke (FSN) 86.2% 87.9% 67.4% 
Brake Thermal 
Efficiency 

3.6% 0.6% -0.4% 



20 
 

THC 3.9% 8.5% 0.0% 
Injection Timing (BTDC) 12 8 12 

      

4 
No. 2 Diesel / 

Ethanol 

Blend % Ethanol 30.5% 40.4% - 
BSFC -19.5% -19.3% - 
Net Cost Benefit/unit 3.8% 11.5% - 
Nox (ppm) -7.7% 17.1% - 
Smoke (FSN) 86.4% 86.7% - 
Brake Thermal 
Efficiency 

-6.2% -2.1%   

THC -117.0% -11.9% - 
Injection Timing (BTDC) 12 12 - 

      

5 

No. 2 Diesel / 
Methanol (Re-

blending w/o FAD 
- Same Day) 

Blend % Methanol - 20.0% - 
BSFC - -12.9% - 
Net Cost Benefit/unit - 2.4% - 
Nox (ppm) - 7.8% - 
Smoke (FSN) - 66.7% - 
Brake Thermal 
Efficiency 

  -1.1%   

THC - 0.0% - 
Injection Timing (BTDC) - 8 - 

      

6 

No. 2 Diesel / 
Methanol (Re-
blending with 

FAD - Same Day) 

Blend % Methanol - 20.0% - 
BSFC - -9.7% - 
Net Cost Benefit/unit - 5.6% - 
Nox (ppm) - 8.7% - 
Smoke (FSN) - 70.4% - 
Brake Thermal 
Efficiency 

  1.8%   

THC - -16.9% - 
Injection Timing (BTDC) - 8 - 

      

7 

No. 2 Diesel / 
Methanol (Re-

blending w/o FAD 
- Next Day) 

Blend % Methanol - 20.0% - 
BSFC - -10.1% - 
Net Cost Benefit/unit - 5.2% - 
Nox (ppm) - 7.8% - 
Smoke (FSN) - 73.1% - 
Brake Thermal 
Efficiency 

  1.4%   

THC - 4.5% - 
Injection Timing (BTDC) - 8 - 

      
8 No. 2 Diesel / Blend % Methanol - 20.0% - 
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Methanol (Re-
blending with 

FAD - Next Day) 

BSFC - -11.9% - 
Net Cost Benefit/unit - 3.4% - 
Nox (ppm) - 7.4% - 
Smoke (FSN) - 57.7% - 
Brake Thermal 
Efficiency 

  -0.2%   

THC - 10.4% - 
Injection Timing (BTDC) - 8 - 

      
Note: Assumes No. 2 Diesel Cost $1,900/MT, Methanol and Ethanol Cost $450/MT 

 

Engine Brake Thermal Efficiency 
Brake Thermal Efficiency is the measure of how efficiently the engine utilizes the fuel 

energy for crankshaft power output.  The methanol and ethanol fuel emulsions had 

slightly less brake thermal efficiency as compared to 100% diesel #2. After analyzing 

the combustion pressure data and noticing a delayed start of combustion, one might 

expect the efficiency to improve similar to baseline through an effort to optimize the 

engine calibration for the emulsion. The water emulsion was better, in most cases, than 

the 100% diesel. Water content was not included in engine fuel flow as it was not 

considered a fuel due to a lack of energy content. With the emulsion having a similar or 

same brake thermal efficiency as the baseline, it would tell us the emulsion did not 

adversely affect the combustion process and that these fuels could be utilized in a 

modern diesel engine in terms of not impacting the thermal efficiency. 

 

Combustion Analysis 

To understand the combustion process during the testing and to be able to compare the 

emulsion to baseline diesel combustion, the engine was fitted with in-cylinder pressure 

sensors located in the glow plug ports of cylinder #1 and cylinder #4. High speed 

cylinder pressure data was recorded vs. engine crank angle for all test points performed. 

Cylinder #1 data was used for the analysis. The following analysis will look at the test 

points with diesel #2 and methanol. Graphs for the other fuel blends are available in the 

Appendix. 

 

Diesel #2 and Methanol 2000 rpm and 5 bar BMEP 

Graph 1 depicts a comparison of the average of 300 cycles of cylinder pressure during 

the compression and combustion events taken while running the engine at 2000 rpm and 

5 bar BMEP and with 100% diesel (baseline) and 22.5% Methanol. Both were run with 

the same start of injection as shown in the injector firing trace. The pressure plot shows 

a delayed start of combustion for the methanol blend. 
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Graph 2 depicts a comparison of the burn characteristics of the baseline and 22.5% 

methanol blend for the same data test points. This graph also shows the delay in start of 

combustion for the same start of fuel injection. Of significant note is the faster burn rate 

for the methanol blend once combustion was initiated. 90% of the combustion 

completed 1.4 degrees sooner than the baseline even though the 5% mass fraction burn 

was delayed by 5.6 degrees. The 22.5% methanol blend had ~50% increase in maximum 

burn rate when compared to the baseline. 

 

Graph 1 

 
 

Graph 2 
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Diesel #2 and Methanol 2000 rpm and 10 bar BMEP 

Graph 3 depicts a comparison of the average of 300 cycles of cylinder pressure during 

the compression and combustion events taken while running the engine at 2000 rpm and 

10 bar BMEP and with 100% diesel (baseline) and 22.5% Methanol. Both were run with 

the same start of injection as shown in the injector firing trace. The delayed start of 

combustion exists at this engine load as well but not as much of a delay as the 5 bar 

BMEP point. 

 

Graph 4 depicts a comparison of the burn characteristics of the baseline and 22.5% 

methanol blend for the same data test points. This graph also shows the delay in start of 

combustion for the same start of fuel injection. There is a faster burn rate for the 

methanol blend immediately after combustion was initiated but the rate becomes similar 

to the baseline. 90% of the combustion completed at the same time as the baseline even 

though the start of combustion was delayed by 1.6 degrees. The 22.5% methanol blend 

had ~15% increase in maximum burn rate when compared to the baseline. 

 

 

Graph 3 
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Graph 4 

 
 

Diesel #2 and Methanol 2000 rpm and 15 bar BMEP 

Graph 5 depicts a comparison of the average of 300 cycles of cylinder pressure during 

the compression and combustion events taken while running the engine at 2000 rpm and 

15 bar BMEP and with 100% diesel (baseline) and 24.7% Methanol. Both were run with 

the same start of injection as shown in the injector firing trace. The delayed start of 

combustion exists at this engine load as well but not as much of a delay as the 10 bar 

BMEP point. 

 

Graph 6 depicts a comparison of the burn characteristics of the baseline and 24.7% 

methanol blend for the same data test points. This graph also shows a slight delay in 

start of combustion for the same start of fuel injection. There is a faster burn rate for the 

methanol blend immediately after combustion was initiated but the rate becomes slightly 

slower than the baseline after 10% Mass Fraction Burn. 90% of the combustion 

completed 1.3 degrees after the baseline. Start of combustion was delayed by 1.4 

degrees. The maximum burn rate was similar but the rate was a little more variable 

throughout complete combustion. 
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Graph 5 

 
 

 

Graph 6 
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In looking at the combustion curves, the methanol blend would likely benefit from an 

optimization of engine ECU calibration due to the delayed start of combustion as well as 

considering tradeoffs with emissions and fuel efficiency. A lower cetane rating of the 

methanol blend is likely the reason for the ignition delay. However, none of the fuel 

blends have been analyzed to quantify the change in fuel characteristics. A fuel analysis 

would be important for continued testing. Further testing would be needed to understand 

if there are limitations to engine load operation with the methanol blend. We don’t know 

if the ignition delay would continue to increase at engine loads below 5 bar BMEP to 

where unstable combustion is experienced. 

 

 

Diesel #2 and Water 2000 rpm and 10 bar BMEP – Reduced Rail Pressure 

After running the engine on various blends and analyzing the data, we pondered how 

else we could take advantage of the reduced emissions levels. Since the diesel fuel and 

water emulsion had lowered the feedgas NOx and AVL smoke FSN number, lowering 

the fuel rail pressure seemed to be a candidate to see if we could improve BSFC due to 

potentially lower high pressure fuel pumping losses. The baseline point ran a fuel rail 

pressure of 1130 MPa. We were able to lower the fuel rail pressure down to 730 MPa 

and still maintain similar NOx and smoke numbers as baseline. Fuel injection timing had 

to be advanced to accommodate the slower burn rate. This resulted in a measurable 

reduction in BSFC of about 3%. Graph 7 shows the comparison of the average of 300 

cycles of cylinder pressure during the compression and combustion events taken while 

running the engine at 2000 rpm and 10 bar BMEP and with 100% diesel (baseline) and 

20% Water with reduced fuel rail pressure. 

 

Graph 8 depicts a comparison of the burn characteristics of the baseline and 20% water 

blend for the same data test points. There is a faster burn rate for the water blend 

immediately after combustion was initiated, as observed in other data comparisons, but 

the combustion rate decreases below the baseline after about 5-10% Mass Fraction Burn. 

90% of the combustion completed at about the same crank angle as the baseline fuel. 

This exercise shows that there is a potential to further optimize the engine calibration 

while considering a reduction in fuel rail pressure. 
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Graph 7 

 
 

 

Graph 8 
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Engine Durability 
Based on the scope of the testing, no attempt was made to assess the effects of the 

blends on the engine and fuel system long-term durability. Throughout the many weeks 

of testing, some degradation/ variability in engine operation was observed. Periodic 

replacement of the fuel injectors limited the variability of the collected data. Engine and 

fuel system disassembly will be required to determine if any internal components were 

affected by delivery and combustion of the emulsified fuel blends. To make any 

assessment of these impacts, further testing would be required to ascertain material and 

performance impacts and requirements of engines utilizing the diesel, water and alcohol 

blends over a longer period of time.  

 

Emulsion/Blend Re-Blending and Agitation (Objective #3) 
Given the blends were separating and thus making a store and later use approach 

difficult, a re-blending approach (Phase 3) was constructed using a simple low 

technology agitator designed and provided by Turbulent. The re-blending demonstrated 

that the shelf life of the emulsion/blend could be extended (potentially indefinitely) 

through simple agitation or mixing. Two approaches were taken to prove that re-

blending was a feasible method of extending the usefulness of the fuel blends. The first 

approach was to immediately subject a FAD created emulsion to agitation therefore 

never allowing it to “separate”. Immediate agitation did enable the blend based on visual 

observation to remain stable. The agitated blend was used in combustion tests (tests #5 

and #6 in table above) with the engine and very similar emission and improved BSFC 

results were observed in comparison to real-time inline FAD created No. 2 diesel and 

methanol blend. The second approach to re-blending was allowing the FAD created 

emulsion to separate and be stored for ~18 hours before re-blending with the Turbulent 

agitator. This approach proved that the blends could be stored and re-blended and be 

used in combustion with the same positive results as real-time inline created blends. The 

re-blending approach also demonstrated how the new fuel blends could be used in 

modern diesel engines with return fuels systems. The return fuel from the engine was 

directed back to the storage tank with the blend therefore functioning in a similar fashion 

to fuel tanks used on today’s diesel applications. 
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The picture below is the re-blending and agitator set-up. 

 

 
 
Pictured below is the re-blending and agitation in process. Using the agitator the re-

blending started immediately once the agitator was on and required only seconds to 

complete the re-blending of a 10 gal stored sample of the No.2 diesel and methanol 

blend. Depending upon the final system design, additional efforts would be required to 

make the agitation approach part of a final production commercial system installation.  
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Conclusions: 
There were three broad objectives of the testing: 

• To create new and unique liquid fuel blends of hydrocarbon based fuels, alcohols 

and/or water 

• To use the blends in compression ignition combustion and positively impact 

engine performance 

• To create blends that could be stored and delivered for later use with the existing 

combustion infrastructure 

Blending Capabilities: 

The testing clearly proves the FAD’s ability to blend hydrocarbon fuels, alcohol based 
fuels and/or water at low pressure (e.g. ~3 to 4 bar) without the addition of surfactants or 

other chemicals. There were no observed blending issues regardless of the liquid inputs. 

The FAD successfully blended No. 2 diesel and methanol, No.2 diesel and ethanol, No. 

2 diesel and water, and No.2 diesel, methanol and water. The FAD also successfully 

blended a heavier hydrocarbon based fuel (No. 5 diesel) with methanol. The FAD 

demonstrated its ability to make all of these blends in seemingly unlimited proportions. 

Most of the blends consisted of No.2 diesel and ~20% of the secondary liquid (e.g. 

methanol, ethanol or water). Blends with less than 10% and as much as 50% of the 

secondary liquid, however, were also made. To the tester’s knowledge there is no other 
commercially available device that can blend these liquids with no chemical additives at 

relatively low pressures. Although it was found that all of the blends experienced some 

degree of separation shortly after they were made, complete separation was not observed 

even after several weeks. In all cases, the No.2 diesel blends were made in-line and were 

sufficiently stable and emulsified so that they could be immediately injected into the 

engine’s combustion chamber utilizing the engine’s existing fuel system. Under this 
scenario blend stability is not a factor given that injection occurs within seconds or less 

after the blend is created.  

Combustion Improvements: 

During the testing the blends made with No.2 diesel fuel were successfully used in 

combustion on a modern high-pressure common rail Ford diesel engine. No mechanical 

modifications were made to the engine; the FAD was simply installed upstream of the 

existing engine high-pressure pump. The fuel blends were either made in-line with the 

engine running or in some cases made in advance (e.g. pre-mixed and stored) and 

supplied to the engine as needed. All blend types, whether the blend contained methanol, 

ethanol or water demonstrated their ability to successfully be used as fuel. Not only did 

the blends exhibit successful combustion, they also substantially reduced smoke and had 

a meaningful impact on NOx. Smoke reductions as high as 90% were observed and 

consistent reductions in the 70 and 80% range were common. NOx reductions were 
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consistent and recorded as high as 39%. While the substitution of diesel fuel with lower 

energy content alcohols (e.g. methanol or ethanol) increased the BSFC, the increase was 

proportionally less than the amount substituted. Given this proportionality and 

depending upon the cost of the fuels, a net fuel cost benefit is achievable. At the low and 

medium load points the BSFC with No. 2 diesel and water actually decreased which 

could directly provide fuel economy benefits. Minimal reductions in Brake Thermal 

Efficiency (BTE) were observed and in some cases improvements in BTE were 

recorded. All of these observations combined with the combustion analysis performed 

(which clearly showed later ignition combined with an increased rate of combustion) 

lead the tester to conclude there can be combustion benefits with the new fuel blends. 

The engine used was designed and programmed to operate efficiently with 100% No.2 

diesel. The testing scope did not include any attempts to optimize the engine to operate 

with the new and entirely different blends. The fact that the engine ran as well as it did 

without optimization leaves significant opportunity for further calibration and 

optimization efforts to improve the performance recorded in the tests. Given the scope 

limits of the testing we can make no judgment on the maximum potential of the new fuel 

blends or the engine modifications required to realize them.  

Tests were also performed to evaluate the FAD’s ability to atomize the fuel blend. The 
testing data shows the FAD improves the atomization of the fuel blend (shown through 

combustion effects) at only 3 to 4 bar. In the testing it was found that the 3 to 4 bar of 

pressure used by the FAD to create the blend had an atomization effect on combustion, 

which was equivalent to 400 to 500 bar from the high-pressure pump. This is evidence 

that the FAD may be a highly effective means to atomize fuel, which is necessary in 

order to reduce emissions in combustion engines. The scope of the testing did not 

encompass the optimization of the engine’s performance with the fuel blends but the 
atomization ability of the FAD provides engine developers and calibrators additional 

degrees of freedom in managing the emissions trade-offs between NOx and smoke. 

Additionally, the FAD’s ability to atomize the fuel blend could result in BSFC 
improvements, if less pressure (energy) is needed to reach the acceptable emissions 

profile for engine certification. 

 

Extended Usefulness of Blends: 

The third objective of the testing was to evaluate methods for extending the useful life of 

the new fuel blends and to deliver pre-made blends to be used on-site with minimal, if 

any, infrastructure modifications. Using an “agitator” designed and supplied by 

Turbulent, it was demonstrated that the useful life of the blends can be extended for a 

significant portion of time, if not indefinitely. The scope of the testing did not include 

long-term storing and holding periods of the blends for later use in the engine. What was 

observed was the ability to make a fuel blend of No.2 diesel and methanol, store the 

blend overnight and use the blend the next day. The positive engine performance and 



33 
 

combustion effects using the stored and then agitated blends proved to be similar to the 

in-line testing. Given that the blends never completely separated after they were made, 

there is a property of the blend (the testing scope did not include chemical analysis of 

the blends) that allows it to be “re-blended” with Turbulent’s agitator which restores the 
blend back to its original state or at least a state that produces the same positive engine 

performance and emissions reductions. Since the engine used had a fuel return system 

where by fuel returns to the vehicle’s fuel tank from the fuel injectors, a testing protocol 

was established to mimic this system. During the testing the FAD was fed a pre-mixed 

fuel blend from a storage tank. The blend was injected and the return fuel was routed 

back to the storage tank. This testing protocol simulated the process used today with 

vehicles with modern diesel fuel systems. The evaluations performed met the objectives 

of the testing, and demonstrated a closed loop method from which further development 

can build upon. 

In summary, the FAD testing conducted over a nine week period conclusively and 

successfully demonstrated its ability to make emulsions/blends with hydrocarbon fuels, 

alcohol based fuels and/or water. The testing also showed that these blends could be 

used in modern diesel engines with positive effects on reducing feed gas exhaust 

emissions. Data from this testing indicates that the FAD and the emulsion it creates have 

a significant impact on smoke emissions and some impact on feed gas NOx emissions. 

Large decreases in smoke were observed at all of the points and overall NOx emissions 

were lower when testing with the various emulsions. In the final stages of testing, using 

the Turbulent provided agitator, the ability to extend the shelf life of the emulsion/blends 

and retain the positive engine performance was proven. BSFC increased with all fuel 

blends, with the exception of the majority of water points tested. The cost reduction 

associated with substituting fossil fuels with alcohol fuels more than compensated for 

the energy loss when applied to certain fuel supply markets. The engine testing data 

supports a fuel cost/unit benefit for those specific markets. Also, additional testing to 

optimize the engine calibration and FAD could further improve the benefits of utilizing 

the fuel blends. 
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Technical proposal for Beta Site testing of Industrial boiler with integrated mixing 
technology 

Technical task: 

In-line installation of Dynamic Fuel mixing, activation and homogenization system in-to 

fuel line of industrial boiler, with productivity equivalent – 50 kg of HFO per hour [ 0.5 

metric ton of steam per hour] 

Figure 1 

Fuel mixing, activation and homogenization system, based on two FAD - 25 

 

Manometers and flow meters – optional 

PROCESS: 

For online stream mixing heavy diesel oil with methanol, a system of dynamic 

mixing, activation and homogenization, which consists of two parallel connected 

devices, with a diameter of 25 millimeters worker 

In general (at the top level) device mixes the heavy flow of diesel fuel (fuel oil) 

with methanol – version 1; Mixing with steam in the same configuration – version -2; 

Mix Ratio - 40% of heavy diesel fuel (fuel oil), 60% methanol or 80% of HFO 

with 20% of steam, - version -2 

Main output from 
the system 

Main input of HFO in-to 
the system 

Bottom FAD- 25  (reserve,  re-
ding  and homogenization of back 

flow of fuel blend  



35 
 

This device has two inputs for heavy diesel fuel (fuel oil), - of which one axial 

input capacity of 60% of the total number and the integral one radial entrance 

accommodates 40% of the total amount of heavy diesel fuel supplied to the mixing 

The device has an additional integral radial entrance, designed for 100% methanol 

supplied to the mixing or for 20% of steam; 

After mixing and homogenizing simultaneously, it is fed to the nozzle of the 

boiler, but only part of the stream is injected, and the rest of the mixture returns to a 

special container 

In a special container there is a standard device for re-blending, which supports 

the quality and uniformity of the mixture at the appropriate level 

Special container also has a level sensor and a temperature sensor mix mixture 

At the outlet of the pump has a special container with the necessary control and 

measuring equipment 

Upon reaching inside a special container mix level sufficient to start the pump, it 

is switched on and feeds the mixture into the second device on the integrated input (in 

the upper level of the input device designed methanol) 

The second device, the flow is homogenized and fed into the common summing 

the pipeline, where the nozzle is fed to the boiler 

 

Figure 2 

Inputs and output of the system 

 

 

 

 

 

Top FAD – 25  

Main HFO input 

output from the system 

Methanol input 

Back  flow of blend from 
HFO and Methanol  input 

Bottom FAD - 25 
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Figure 3 

Inputs and output of the system 

The system consist of two FAD – 25 mm 

The maximal flow of HFO for each = 50 kg per hour 

Figure 4 
3-d model of the system

The system consist of the following inputs- outputs: 

- input for 100% flow of the HFO [ divided to two lines for the top FAD- 25

and to the bottom FAD- 25 

- input for the 100% of methanol to the top FAD- 25 [ related only for

current configuration ] 

- input for the 100% of the returned fuel blend flow

- output from the system[ combined the flow of prepared in system fuel

blend from 40% of HFO [ Mazut ] mixed and homogenized with 60% of Methanol and 

returned back flow of the same blend, homogenized in the second [ bottom ] FAD- 25; 

The proportions of the output between new blend and back flow is adjustable  

Methanol input 

Back fuel blend flow input 

Main HFO input to th
system 

Output from the system 
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Figure 5 

3-d model of the system

Manifold  for supply of 40% of HFO 
flow to integrated radial input of the 

FAD-25 mm 

Manifold  for supply of 40% of 
HFO flow to integrated radial 
input of the FAD-25 mm [ in 

current configuration the 
manifold is closed ] 

Manifold for 
supply of 
100% of 

Methanol 

Manifold for supply to 
the system of the fuel 

blend back flow 
Back flow return to the system 

check valves 
check valves 
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The system can be configured according to local conditions and requirements 

 

Figure 6 
3-d model of the system 

 
 

All components and pipe fittings of the system is standard; The assembly and 

calibration process designed based on standard materials and standard components and 

unification technical decisions 
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About new design concept of FAD  

 

 
 

New design concept of FAD, include the device security requirements of Dor 

Chemicals and other companies; The dimensions of the device are extremely small; In 

the picture, in real scale factor is demonstrated FAD – 30 with maximal fuel flow = 285 

liter per hour 
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1 – Tech Energy boiler [ 500 kg of steam per hour ] 

2- present tank and environment for HFO  

3 – present tank for Methanol, including all environment  
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4 – tank for fuel back flow [ fuel blend from 40% of HFO and 60% of Methanol ] 

5 – pump for fuel blend back flow 

6 – control valve 

7 – manometer 

8 – flow meter 

9 – level sensor 

10 – thermometer  

11 – integrated output, included new fuel blend and same fuel blend from the back 

flow 

12 – back fuel flow return line to the FAD system, optional heating device 

13 – back fuel flow input to the FAD system 

14 – Methanol [ 60% of the blend ] input to the FAD system 

15 – HFO input to the FAD system 

29 – re-blending device [ standard device ] 
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Top device, HFO main 
input; Calibrated for 60% 

of the total HFO flow  

Methanol integrated input 
–

 

4 radial inputs, 25% of

 

the methanol flow each

 Top device, HFO second integrated 
input for 40% of the total HFO flow; 4 
radial inputs for 10% of the total HFO 

flow each 

Bottom device; Closed 
main input 

Bottom device; Bach flow of the HFO 
/METHANOL, integrated input; Consist of 
–

 

4 radial inputs for 25% of the  total back

 
flow  each 

Bottom device; Output of 
secondary re-blended and 
secondary homogenized 
back flow of the blend 

from 60% of the HFO  and 
40% of methanol  

Collector positioning system 

Top device; 
The 

HFO/metha
nol blend 
output; 

Proportion 
60%/40% 
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Characteristics of new design concept of FAD – 25, using in the system: 

 

The device has no moving parts and is therefore highly durable and reliable. All of 

the internal components are made via standard machines with numerical control without 

the use of special techniques or cutting tools. 

In the shown emboddiment, the device is made of stainless steel, which allows the 

installation of systems in harsh environments in terms of temperatures or corresive 
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elements such as marine vessels. Depending upon the operating enviroment and flow 

requirements others materials could be used. 

The device is extremely compact and has dimensions which allow it to be 

packaged in almost any internal combustion engine such as a stationary engine (e.g. 

marine engine, generators) as well as in engines installed in vehicles (e.g. automobiles or 

trucks). The device should be integrated into the fuel system between the fuel storage 

tank and the engines fuel injection system. All standard attachment methods are possible 

on the input or output side of the device. 

The device can be made via serial production equipment with digital program 

management for the manufacture and assembly. Quality control does not require special 

technologies, materials and tools. 

 

Homogeneous process description 
To homogenize the liquid fuel, the process simply requires the liquid fuel supply 

line to be connected with a standard fitting to the input of the device. The liquid enters 

the device in the first accelerating hydrodynamic section; the liquid then passes through 

a coaxial second section with an integrated vortex generator. These internal geometries 

create an amplified level of hydrodynamic turbulence. 

 
Devices specifics  
An industrial installation for the homogenization of liquid fuel i.e. diesel fuel 

number 6 (Heavy Fuel Oil) and diesel fuel number 2 (Light Fuel Oil), as well as for 

micro-miniaturization and optimization of dispersion during injection of bio-fuel, 

methanol, ethanol and also kerosene obtained from waste plastics and automobile and 

other tires; Capacity of the device, despite its small size [ for example FAD – 40 ], - 

1000 liters per hour under pressure of 7-10 bar.  

 

Description to the general installation diagram 
For installation and mounting in an industrial boiler fuel line for on-line mixing of 

the flow of heavy diesel fuel and methanol, provides a system of dynamic mixing, 

activation and homogenization, which consists of two parallel connected devices, with a 

diameter of 25 millimeters worker 

In general, the boiler itself and all equipment included in its fuel cells are arranged 

as follows: 
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Scheme 1 shows a boiler which is connected from the output 11 of the dynamic 

mixing and activation homogenization consisting of two parallel-connected devices 

having a working diameter of 25 mm each; 

The tank 2 (includes all associated equipment) contain heavy fuel oil (mazut), 

which through the heating system is fed to the input 15 of the dynamic mixing, 

activation and homogenization. 

Methanol contained in the tank 3 with all necessary equipment from where it is 

fed to the input 14 of the system. 

The system methanol is mixed with fuel oil in the ratio - 40% oil to 60% methanol 

and 11 through the outlet nozzle is fed to the boiler 1. 

Part of the flow of the fuel mixture is returned to the tank 4 where a special pump 

5 through a valve 6, a pressure gauge and a flowmeter 7, 8, through the heater 12 is 

routed to input 13. 

The principle provides for the installation of the line heater 12 

The return flow of the fuel mixture is introduced into the second device, wherein 

homogenized and connects to a new stream of the fuel mixture produced in the first 

device 

Joint flow of the fuel mixture is then introduced into the boiler 1 and the injection 

process is repeated. 

To eliminate the pulsations in the system at each branch conduit has the check 

valves, - 16, 17, 18, 19, 20, 21; 

Backup unit 22 for installation in an industrial boiler is used only for inputting and 

return homogenizing the mixture; Return the mixture is injected and distributed through 

the Manifold 26; 

Methanol is injected and distributed through the Manifold 25; 

Putting oil in the radial input through Manifold 27; 

Manifold 28 for this version of the installation, - closed 
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16 – check valve 

17 – check valve 

18 – check valve 

19 – check valve 

20 – check valve 

21 – check valve 

22 – bottom FAD – 25 

23 – top FAD – 25  

24 – main HFO input [ ~ 60 % of the HFO flow ] 

25 – top methanol manifold 

26 – bottom manifold for blend back flow / bottom methanol manifold 

27 – main HFO manifold [ 40% of total HFO flow ] 

28 – bottom HFO manifold of the system [ optional ]  
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3-D Models of re-blending or re-emulsification tank

RE-blending system, 
including foam 

generator – dynamic 
agitator 

Agitating centrifugal pump 

[ optional ] – fuel 
pump 

Tank 

Control analytic and 
optimization box with 

programmed controller 
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%�	�����	� 3 
General diagram of the installation of the system in boiler environment 

The in- line mixing system of heavy diesel fuel (fuel oil) with methanol in a proportion - 

40% of heavy diesel fuel and 60% of methanol for simultaneous homogenization before 

injection into the combustion chamber, it is a functionally complete unit with parallel 

sub-system for re-blending, regeneration and return the balance of the fuel return flow of 

fuel mixture 

The system connected to present HFO tank of the boiler – 101 and present methanol 

tank – 102; 

The system including an original re-blending multifunctional tank – 103 

In the system, according to required optimal fuel blend flow is in specific functional use 

two parallel Dynamic Fuel Activation and in-line homogenization devices with working 

internal diameter 25 mm, - the top device – 104 and the bottom device – 105 

The top device – 104 in the system used for preparation, in-line mixing and 

homogenization of “ new “ fuel blend with direct input to boilers injection system of the 
combustion chamber 

The bottom device – 105 used for re-blending, regeneration and secondary 

homogenization of the fuel blende back flow and re-sending it to boiler combustion 

chamber 
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The boiler – 106 require the maximal fuel flow – 50 kg per hour and create back flow of 

the fuel blend 

The combined flow of the fuel blend – 107 is injected to the boiler – 106, combustion 

chamber and is divided for big part of the stream – direct injected to the combustion 

chamber and small part of the stream – creating the back flow – 108, sent to tank – 103 

The fuel lines of the second bottom device – 105, central – 109 and back integrated – 

110 is closed 

The top device – 104, connected to the HFO pipe-line with manifold – divider – 111 and 

central input – 112 

The local methanol supply line including local control system – 113, controlled and 

calibrated all necessary parameters of the methanol flow 

The main HFO flow is under control of control system 115 and heating system – 115 

The back flow of the blend – 108 entranced to tank – 103 where is re-blended with re-

blending agitator -116, - a main part of local re-blending system 119 

The re-blended blend from tank – 103, with pump -118, under control and calibration 

and on-line adjustment of control system – 117, send to bottom device – 105, which 

output flow is combined with output from  top device – 104 and from this two flows is 

combined flow – 107 

On the tank 103 is mounted central control-analytic box - 120  

Installation is as follows: 

Inputs to the system are connected to the outputs of existing capacities for the HFO - 

101 and methanol - 102. A controlled fuel pump control systems - 113, 114, 115 and fed 

HFO methanol in the proportions necessary to the upper device - 104, where these 

components are dynamically mixed and homogenized and then fed at the input - to the 

boiler 107 

Part of this stream (excess) is returned along line - in the tank 108 - 103. 

The tank 103 system 119 by means of the activator - foam generator - 116 regenerates 

the blend after dynamic homogenization connects with the flow of the new blend - 107 

This process is repeated continuously during operation of the boiler. 
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United States Patent 8,715,378 

May 6, 2014 

 
Fluid composite, device for producing thereof and system of use  

 
 

Abstract 

The current disclosure relates to a new fluid composite, a device for producing the fluid 

composite, and a method of production therewith, and more specifically a fluid composite 

made of a fuel and its oxidant for burning as part of different systems such as fuel burners, 

where the fluid composite after a stage of intense molecular between a controlled flow of a 

liquid such as fuel and a faster flow of compressed highly directional gas such as air results 

in the creation of a three dimensional matrix of small hallow spheres each made of a layer 

of fuel around a volume of pressurized gas. In an alternate embodiment, external conditions 

such as inline pressure warps the spherical cells into a network of oblong shape cells where 

pressurized air is used as part of the combustion process. In yet another embodiment, 

additional gas such as air is added via a second inlet to increase the proportion of oxidant to 

carburant as part of the mixture. 

 

United States Patent 8,746,965 

June 10, 2014 

 
Method of dynamic mixing of fluids  

 
 

Abstract 

Methods are provided for achieving dynamic mixing of two or more fluid streams using a 

mixing device. The methods include providing at least two integrated concentric contours 

that are configured to simultaneously direct fluid flow and transform the kinetic energy 

level of the first and second fluid streams, and directing fluid flow through the at least two 

integrated concentric contours such that, in two adjacent contours, the first and second fluid 

streams are input in opposite directions. As a result, the physical effects acting on each 

stream of each contour are combined, increasing the kinetic energy of the mix and 

transforming the mix from a first kinetic energy level to a second kinetic energy level, 

where the second kinetic energy level is greater than the first kinetic energy level. 
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United States Patent 8,844,495 

September 30, 2014 

 
Engine with integrated mixing technology  

 
 

Abstract 

The present disclosure generally relates to an engine with an integrated mixing of fluids 

device and associated technology for improvement of the efficiency of the engine, and more 

specifically to an engine equipped with a fuel mixing device for improvement of the overall 

properties by inline oxygenation of the liquid, a change in property of the liquid such as 

cooling form improved combustion, or the use of re-circulation of exhaust from the engine 

to further improve engine efficiency and reduce unwanted emissions. 

 

United States Patent 8,871,090 

October 28, 2014 

 
Foaming of liquids  

 
 

Abstract 

Methods and systems for processing of liquids using compressed gases or compressed air 

are disclosed. In addition, methods and systems for mixing of liquids are disclosed. 
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United States Patent 9,144,774 

September 29, 2015 

 
Fluid mixer with internal vortex  

 
 

Abstract 

The present disclosure generally relates to a fluid mixer, a system for mixing fluids utilizing 

the fluid mixer, and a method of mixing fluids using the fluid mixer or the system for 

mixing fluids, and more specifically, to a compact static mixing device with no moving 

parts and capable of mixing any fluid, such as air, nitrogen gas, water, oil, polluted water, 

and the like. A first pressurized, incoming fluid is accelerated locally by a section reduction, 

is split into streams, and then is released into a second fluid found in a closed volume or an 

open volume after a period of stabilization. The directed and controlled first fluid slides 

along an insert up to directional and angled fins at a vortex creator where suction forces 

from a self-initiating vortex in an internal cavity draws in at least part of the first fluid to 

fuel the vortex. The compactness and simplicity of the fluid mixer with internal vortex can 

be used alone within a closed volume in a conduit, in a sprayer, or within a fixed geometry 

to direct the mixing vortex to specific dimensions. One or more fluid mixers can also be 

used in an open volume such as a reservoir, a tank, a pool, or any other fluid body to 

conduct mixing. The technology alone, as part of a multimixer system, or as a method of 

mixing using the fluid mixer with internal vortex is contemplated to be used in any field 

where mixing occurs. 

 

United States Patent 9,310,076 

April 12, 2016 

 
Emulsion, apparatus, system and method for dynamic preparation  

 
 

Abstract 

The invention relates to a fluid composite, a device for producing the fluid composite, and a 

system for producing an aerated fluid composite therewith, and more specifically a fluid 

composite made of a fuel and its oxidant for burning as part of different systems such as 

fuel burners or combustion chambers and the like. The invention also relates to an 

emulsion, an apparatus for producing an emulsion, a system for producing an emulsion with 

the apparatus for producing the emulsion, a method for producing a dynamic preparation 

with the emulsion, and more specifically to a new type of a stable liquid/liquid emulsion in 

the field of colloidal chemistry, such as a water/fuel or fuel/fuel emulsion for all spheres of 

industry. 
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United States Patent 9,399,200 

July 26, 2016 

 
Foaming of liquids  

 
 

Abstract 

A foaming mechanism configured to receive a plurality of streams of gas and generate a 

foamed liquid, having an aerodynamic component and an aerodynamic housing disposed 

around at least a portion of the aerodynamic component. The aerodynamic housing includes 

a plurality of first channels and a plurality of second channels connected to the plurality of 

first channels at regular intervals on a distributed plane. The distributed plane is about 

perpendicular to the plurality of first channels, wherein the plurality of first channels and 

the plurality of second channels are configured to transform an axial stream of the gaseous 

working agent into a plurality of radial high-speed streams of the gaseous working agent by 

channeling the gaseous working agent through the plurality of first channels and into the 

plurality of second channels on the distributed plane. A hydrodynamic conical reflector and 

a hydrodynamic housing form a ring channel in an area between the hydrodynamic conical 

reflector and the hydrodynamic housing. An accumulation mechanism is configured to 

disperse the plurality of radial high-speed streams of the gaseous working agent into the 

ring channel and create turbulence to foam the liquid. 

 

United States Patent 9,400,107 

July 26, 2016 

 
Fluid composite, device for producing thereof and system of use  

 
 

Abstract 

The current disclosure relates to a new fluid composite, a device for producing the fluid 

composite, and a method of production therewith, and more specifically a fluid composite 

made of a fuel and its oxidant for burning as part of different systems such as fuel burners, 

where the fluid composite after a stage of intense molecular between a controlled flow of a 

liquid such as fuel and a faster flow of compressed highly directional gas such as air results 

in the creation of a three dimensional matrix of small hallow spheres each made of a layer 

of fuel around a volume of pressurized gas. In an alternate embodiment, external conditions 

such as inline pressure warps the spherical cells into a network of oblong shape cells where 

pressurized air is used as part of the combustion process. In yet another embodiment, 

additional gas such as air is added via a second inlet to increase the proportion of oxidant to 

carburant as part of the mixture. 
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