
�������� �� 	
�������  

�� ��. ��. �-� ��. ������� ������� ������,  

���������	
 �� ����
� � ��	���� �� „����	�” 

� ������ 	� �
��� ��������	
�  5. ���	
���
 	���
, 

������
�	��	� 	�������	
� – 5.1. ���
		� 
	��	������, 

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

 

1. ����������� �� ���������� �� ������� ������� ���� � ����� �� 
�
���� 

����� 

 

2.1.1. ����������� �� ���������� �� ������� ������� ���� � ����� �� 


�
���� �����  

 

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

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

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

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

0 04>ie / D .  
 ����
 ��	��
���	
 �����
 	� �����	��� ��	��, iH / D . ����
��� ��������� 

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

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

��	��	�
���� ����) 	� ���� ��	�����	
, ��
���	� ����
��	
 ����
 � �������
	
 

��������
: 0 053 0 089< <i. e / D .  
 ����	���	
� 	� ������ ��� �
��
	� 	� ������
������ 

6 8 11 0< <. p / e . , ����
	
��	� � �����	
 ��	�
 � 4 7=iH / D . , 5.7 
 7.6, � �
�����	� 	� 

��� 	���
 	� !� 	����, 3 43 5 10 5 0 10× < < ×. Re . . "���
���	��� 	� ��	�	
� ����
�
�	� 

	� ������������	� E0 �� ��������� ���� ��	��
� �� �������
	
 ��������
 	� 

�����
	��� 	� ����
��	��� ����� ��� 
����� 	� Weber, We, 
 ��	��
���	��� ������ 	� 

�����	��� ��	�� iH / D . #������ �� 
 ������� 	� 
����� 	� !� 	���� ����� E0. 

 

2.1.1. Performance Characteristics of Deep Corrugated Tubes with Twisted-Tape Inserts  

 

Abstract - Recent investigation of the performance characteristics of some passive compound 

heat transfer enhancement techniques revealed that the combination of corrugated tubes with 

twisted-tape inserts seems to be a very attractive enhancement technique for single-phase 

turbulent flow. This holds in the range of height-to-diameter ratios 0 04>ie / D .  and small 

relative pitches of the twisted tape, iH / D . This paper presents the latest results of an 

experimental investigation of the friction factors and heat transfer coefficients (inside with water 

as working fluid and outside with condensing steam) of eight single-start, spirally corrugated 

tubes with geometrical parameters: 0 053 0 089< <i. e / D .  and ridge pitch-toheight ratio 

6 8 11 0< <. p / e .  combined with twisted tapes with 4 7=iH / D . , 5.7, and 7.6, in the range of 

Reynolds number, 3 43 5 10 5 0 10× < < ×. Re . . The increase of outside heat transfer coefficient E0 

is presented as a function of geometrical parameters of the depth of the corrugated tube through 

the Weber number, We, and the relative pitch of the twisted tape iH / D . The effect of Reynolds 

number on E0 is discussed. 



 

 

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

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

2.1.2. ������ �� ���������� �� ����� � �������� ����� 	� �������� ��	���� 

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

2.2.3. ������ �� ���������� �� ����� � �������� ����� 	� �������� ��	���� 

����� 	���� 

2.2.4. ������ �� ���������� �� �������� ��	���� ����� 	���� � ����� � 

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

2.2.5. ������ �� ���������� �� �������� ��	���� ����� 	���� � ����� � 

�������� �����, 	������� �� ������� ��������  1. !��� 2 

2.2.6. ������ �� ���������� �� ����� � �������� ����� 	� �������� ��	���� 

����� 	����, 	������� �� " ������� ��������. 

2.2.7. ������ �� ���������� �� �������� ��	���� ����� 	���� � ����� � 

���	�������   #���������� �����, 	������� �� ������� �������� ". !��� 1 

3.1.1. ������ �� ���������� �� �������� ��	���� ����� 	���� 	��� ���	������ 

 #��������� �����, 	������� �� ������� ��������  1. !��� 1 

3.1.2. ������ �� ���������� �� �������� ��	���� ����� 	���� 	��� 

���	������  #��������� �����, 	������� �� ������� ��������  1. !��� 2 

 

������ - $������	� � ���	�� 	� �����
�	����� 	� ���������		
�
 � ����
	� ����� 	� 

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

��
���

 �� ���	��. %	��
�
��	
 �� ����	
 �	����� � ���������	�, �������	�, 

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

&��� �����	 �� ����	�	
� � 
�������	 ���������		
��� � �����
 ����
. '�������	
 �� 

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

 [2.2.3., 

2.2.6., 2.2.7., 2.1.2.] 
 ������	�	 ����
	�	 ����� 	� ��
	
�� ����
	� ��
 ���	����	� 

����������� �� ���
���
��� 	� ��	��� � ����	� ���
��	� ���	
� ($1), � ����

 [2.2.4., 

2.2.5., 3.1.1., 3.1.2.]. (����
�	����� 	� ���������		
�
 � 	������
 ����
 �� ���	�	
 
 

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

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

[2.2.3., 2.2.4., 2.2.5., 2.2.7.] 
�
 ��	���� �
�����
�	 �
������ [2.2.6., 2.1.2., 3.1.1., 3.1.2.]. 

!�������
�� �� ���� ������	� ��	� ��������, � � 	���
 ����
 ���������		
�
�� � 

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

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

����	
�	
� 
  ���������	
�� ���
. #�	��� �� �������
 ���	����� �� 
�������	��� 	� 

����
��	
 ��
���

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

���������		
��. '�������	��� 	� ��� ��
���
 , �������� ��	������		� ��� ���
, 

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

��
���

��, ���
��	
 	� ����
� 
�
 )���
� ����	 	� ������
	��
����, �� ��
����� 

�����������	�. 

 

 

 

 



 

 

2.1.2. Performance evaluation of ducts with non-circular shapes: Laminar fully developed 

flow and constant wall temperature 

2.2.3. Performance Evaluation of Ducts with Non-Circular Shapes and Laminar Fully 

Developed Flow 

2.2.4. Performance Evaluation of Laminar Fully Developed Flow through Ducts with Non-

Circular Shapes subjected to H1 Boundary Condition. Part 1 

2.2.5. Performance Evaluation of Laminar Fully Developed Flow through Ducts with Non-

Circular Shapes subjected to H1 Boundary Condition. Part 2 

2.2.6. Performance Evaluation of Ducts with Non-Circular Shapes: Laminar Fully 

Developed Flow Subjected to T Boundary Condition 

2.2.7. Performance Evaluation of Laminar Fully Developed Flow Through Ducts with 

Trapezoidal and Hexagonal Ducts Subjected to T Boundary Condition. Part 1 

3.1.1. Performance Evaluation of Laminar Fully Developed Flow Through Trapezoidal 

and Hexagonal Ducts subjected to H1 Boundary Condition. Part 1 

3.1.2. Performance Evaluation of Laminar Fully Developed Flow Through Trapezoidal 

and Hexagonal Ducts subjected to H1 Boundary Condition. Part 2 

 

Abstract - Extended performance evaluation criteria (ExPEC) have been used to assess the 

performance characteristics of single-phase fully developed laminar flow through heat 

exchangers with non-circular shape of ducts. An assessment has been made of the tube bundles 

with rectangular, square, triangular isosceles, elliptical, trapezoidal, and hexagonal shape of the 

channels. The heat exchanger with circular tubes has been used as a reference heat transfer unit. 

Two thermal boundary condition has been selected, constant wall temperature, “T” in articles: 

[2.2.3., 2.2.6., 2.2.7., 2.1.2.] and constant heat flow per unit axial length and uniform temperature 

along the periphery of the duct at a given axial location, “H1” in articles: 2.2.6., 2.1.2., 3.1.1., 

3.1.2.]. The performance characteristics of the heat exchangers with non-circular tubes have 

been evaluated and compared to those of the reference unit for different objectives and 

constraints imposed. As a common constraint, the cross sectional area of the duct [2.2.3., 2.2.4., 

2.2.5., 2.2.7.], or the same hydraulic diameter [2.2.6., 2.1.2., 3.1.1., 3.1.2.] has been specified. 

The results from this study clearly show that the non-circular shape of duct configuration in 

some cases can compete, with the reference heat transfer unit, and the selection of the optimal 

shape of the duct strongly depends on the geometric and thermal-hydraulic constraints imposed 

and the objectives pursued. The importance of using extended criteria for evaluating the benefits 

and selecting the optimum design of the heat exchanger was reaffirmed. The use of a general 

criterion connecting two objectives simultaneously permits to avoid the contradictory results that 

can be obtained if criteria based on first or second law analysis are implemented alone. 

 

 

 

 

 

 

 

 

 



 

 

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

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

���������� 

 

2.1.3. ���� �� �	��������� �� ���������� ��	�������� 	����$���� 	� 

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

���������� 

 

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

�� �� ���	�� 	� 

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

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

��� ��
 ��	�����	 �����. ) �	��� ����
 ���	���� �� �����
�	��� � ������ 

���
�
��
	�, 	����	�	� 
 	�����
��
	�. !���	��� ���	�� 	� �����
�	��� ���� �� 

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

��������	��� 	� �� �����
�	
 
�
 
��� 	��	�
����	 �����. #��	���� �� �����
�	��� � 

��-����
��
	
 ��
���

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

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

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

 

 

2.1.3. Benefits from the Use of Enhanced Heat Transfer Surfaces in Heat Exchanger 

Design: A Critical Review of Performance Evaluation 

 

Abstract – The paper presents a critical review of the performance evaluation criteria used by 

many researchers in evaluating the merits of their surfaces and inserts developed to enhance heat 

transfer, particularly in single-phase flow. In many cases, the evaluation of the merits is too 

optimistic, overestimated, and nonrealistic. The real performance evaluation may reveal that 

some of the published studies of new heat transfer enhancement techniques are not effective or 

have a negligible effect. The assessment of the merits with more realistic performance evaluation 

criteria has been demonstrated by the use of new experimental data of heat transfer coefficients 

and friction factors for transition flow in smooth pipes with a wire-coil insert. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4. �������� �� �������� ����� �� ������������ 	� �������� 	���� �� ��� 

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

2.2.1. �������� �� �������� ����� �� ������������ 	� �������� 	���� �� 

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

	�� �� ���������� 
 

������ – )������	 �	��
� 	� ������	���
��, � �����	
� � �	��
� 	� �����
��, � 


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

��, ��
����
 ���� 

	� 	�����	� 	� ������
� �����, ��
 	
��
 
��� 	� !� 	���� � ������ ����� ��� �����	� 

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

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

����	
���.  

)������	��� 	� �������� swRe / y , ��������
�
��� �������	
� ����� � ������	� � 

������� 	� ���
 ����
��	 �	��
� 	� ������	���
��. )��
�	����� 	� �	��
�� � 

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

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

 �� 4 5
+

−π π  �� 

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

��
 ������	
� �	��
� 	� ������	���
��, ����
���
�� 
��� swf , swRe  
 ���	��� 

���
�����	
� ( )
sw

f Re  	� �� ���������	
 ��������
 
 ����������	� 	� 
����� 

�����������	� ���� 	� ��
���

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

swf  
 swRe  � 
�������	�.  

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

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

��  

4 5
+

−π π  ��
������� �	��� 	������	 
	������	� �� ������
��	�, ���
�
�
��	� 
 ���	�� 

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

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

2.2.1. Application of Discriminated Dimensional Analysis to Low Reynolds Number Swirl 

Flows in circular Tubes with rwisted-Tape Inserts. Pressure Drop Correlations  
 

Abstract – Discriminated dimensional analysis combined with the scale analysis has been 

implemented to obtain a strong analytical derivation of the correlations describing the pressure 

drop for low Reynolds number swirl flow in circular tube with twisted-tape insert. This analysis 

demonstrates a new insight on the phenomenon and reveals the relevant dimensionless 

parameters that play an independent role in the solution. The scaling by swirl parameter 

swRe / y , proposed previously, has been proved using discriminated dimensional analysis. The 

validity of the analysis is demonstrated by the excellent agreement between a large experimental 

data set for isothermal friction factors and the predictions of the 4 5
+

−π π , correlations for swirl 

transition and fully developed swirl-flow regimes. In discriminated dimensional analysis, the 

classical numbers swf , swRe , and their product ( )
sw

f Re  are not relevant dimensionless 

parameters, and, consequently, they do not play an independent role in the solutions. Hence, the 

combination of swf  and swRe  is artificial. Furthermore, discriminated dimensional analysis 

provides the characteristic pressure drop to make it a "discriminated" relevant dimensionless 

parameter. The 4 5
+

−π π , correlations provides a very reliable predictive tool for designing, 

optimizing, and estimating off-design hydrodynamic performance of tubular heat exchangers in 

which twisted tapes are employed to promote heat transfer enhancement. 



 

 

5. '���� 	� ����� ����� �� ������������� �� ��	���� ����� 	���� � ����� 

� ������� ����� �� ��	������� ������ 

 

2.2.2. '���� 	� ����� ����� �� ������������� �� ��	���� ����� 	���� � 

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

 

������ – ������� �� �
	
�
�
��	� 	� ��	��
��	��� �	����
� (EGM) �� 
������� �� 

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

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

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

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

$�����	� � �����	
���	� 	��� ����	
�	
� �� �
��
��	 ���� 	� ��	���. ��
 ��	��
 � 

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

���	
� 
�� �
	
���	� ���
���	� ���� 
 ��	��
�� �
	
���	� �	����
�. *� �������	��	 

����� ���� ������� � 	����	� ���	
� 	� ��
��� 16 ��	��
�� �
	
���	� ��� 	��� 	� 

�	����
�. *� ��	��
 � ��������	 ���
�����, ����� � ������ 	����	� ���	
� 
�� 

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

�	����
���. 

 

 

2.2.2. Second Law Analysis of Fully Developed Internal Flows with Different Shape of the 

Cross-Section 

 

Abstract – Entropy generation minimization (EGM) method is used to optimized a single-phase, 

fully developed flow through a duct with uniform and constant heat flux. The duct’s cross 

sectional area and length, also the final temperature difference are optimized for fixed mass and 

total heat transfer flows, and assumption of uniform and constant heat flux, and constant fluid 

properties. An additional new constraint of fixed volume of the duct have been imposed. For 

ducts with specified cross-sectional shape, for laminar flow the tube with a circular cross-section 

has a minimum optimal area, and generates a minimum entropy rate. For turbulent flow, 

however, the tube with ellipse 16 cross-section generates minimum entropy rate. For ducts with 

a specified perimeter, tube with a circular cross-section has a minimum optimal temperature 

difference , and generates a minimum entropy rate. 

 

 

 

 

 

 

 

 

 

 

 

 

 



6. "�	�������  	�� �� �������� 	� 	��$��e� 	���� � ����� $��������� ���� 
 

2.2.8. "�	�������  	�� �� �������� 	� 	��$��e� 	���� � ����� $��������� 

���� 

2.2.9. "�	�������  	�� �� �������� 	� 	��$��e� 	���� � ����� $��������� 

���� – ������(� 	��
����� 

) ���� 
�������	� [2.2.8.] �� �������	
 ������
��	�
 �� ���������	 
 ��� 	� 

	�����	� � ������	��� ������ 	� ����	 ����� � ������ ���
��	���	� �����. !�������	
 �� 

	��
	
 �������

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

��
�	�, ���� ���	��� ��	��� � ���	�	� ��� ��	��� 	� 	�� 350 ������
��	���	
 ��		
. 

(�����
��	�
�� �� �������	
 	� ���
��	���	� ����� � �������	 �
������ 14 mm, � ����� 

������ �� 	������. )��
��
��� 	� 
����� 	� !� 	���� 
 ���	��� � � ���	
�
��: 
3 41 2 10 1 7 10× < < ×. Re .  
 3 5 10< <. Pr . '���	�	
��� 	� ��
���
� 	� Grashof � 
4 51 3 10 3 3 10× < < ×. Gr . . !�������
�� �� ����	�	
 � �������

 	� +	
��
	��
, ,��
� 
 

������
��	���	
 ��������
 	� �� �� 
 #�
�
�. 

)������ ����
� [2.2.9.] � ���������	 
 �����	�	 ���
�	� 	� �������	���. ��������� 

�������	� ����
�
� 	� �������

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

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

���
��	���	� �����. (�����
��	�
�� �� 
����	�	
 ��	��� ��
 �	��� ��-����� ��
���� 

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

�������

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

�����	
 ��-��	�, ���� �����
��	
 ��� ��	��� 	� 	��
 112 ������
��	���	
 ��		
. 

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

����
�����. )��
��
��� 	� 
����� 	� !� 	���� 
 ���	��� � � �
�����	�: 
3 41 1 10 1 2 10× < < ×. Re .  
 3 9 10 4< <. Pr . . !�������
�� �� ����	�	
 � �������

�� 	� 

,��
�, ����� 
 ������
��	���	
�� ��������
 	� #�
�
�. 
 

2.2.8. Transitional Heat Transfer and Pressure Drop in Plain Horizontal Tubes 

2.2.9. Transitional Heat Transfer and Pressure Drop in Plain Horizontal Tubes – Revised 

Study 

Abstract – The heat transfer and pressure drop experiments in the transition region for water 

flowing in smooth horizontal tube have been carried out in this study [2.2.8.]. The available 

correlations for predicting the heat transfer coefficient and friction factor are reviewed and their 

accuracy has been evaluated based on over 350 experimental data points. The experiments were 

conducted on a 14 mm inner diameter horizontal tube in which the water was heated. The 

variation of the Reynolds and Prandtl numbers was in the ranges: 3 41 2 10 1 7 10× < < ×. Re .  and 

3 5 10< <. Pr . The variation of the Grashof number was 4 51 3 10 3 3 10× < < ×. Gr . . The results 

have been compared with the correlations of Gnielinski, Churchill and experimental results of 

Meyer and Olivier. 

The second article [2.2.9.] is a revised and expanded version of the previous one. It presents 

an advanced development of the correlations for calculating the friction factor and heat transfer 

coefficients in the transition region for water flowing in smooth horizontal tube. The 

experiments have been fulfilled again at much smaller driving temperature difference than in the 

earlier study. The experimental correlations for predicting the heat transfer coefficient and 

friction factor obtained earlier have been adjusted based on 112 new experimental data points. 

The experiments were conducted with a tube-in-tube heat exchanger in a counter flow 

configuration. The variation of the Reynolds and Prandtl numbers was in the ranges: 
3 41 1 10 1 2 10× < < ×. Re .  and 3 9 10 4< <. Pr . . The results have been compared with the 

correlations of Churchill, Taler and experimental results of Olivier. 



 

 

 

7. ������ �� ���������� �� �
��
����� 	���� � ����� � ����������� ���
��
��  

 

2.2.10. ������ �� ���������� �� �
��
����� 	���� � ����� � ����������� 

���
��
��. !��� 1: "-������ ���������� 

 

2.2.11. ������ �� ���������� �� �
��
����� 	���� � ����� � ����������� 

���
��
��. !��� 2: Y-������ ���������� 
 

) ���� 
�������	� � 
������	� ���	�� �� �����
�	��� 	� �������	��	 ����� � ��� �- 
 

Y-�����	
 ��	��
 � ���������	� ���������. -���� � �� �� ����
�	� 	� -������� 

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

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

*� ���	�� 	� �����
�	����� 	� ����� ����������	
 ��������
 ��
 ��
����	
� � 

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

��������� ��	������		� ��� ���
: �
	
���	� ��	��
��	� �	����
� 
 ����
�	�� 

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

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

+��	
	��� �����
� 	� ���	��� 	� ����
 ��	�� � �
��
��	� ���� ������	�	 ����
	�	 

����� 	� ��
	
�� ����
	�.  

 

 

2.2.10. Performance Evaluation of Turbulent Tree-Shaped Flow. Part 1: T-Shaped 

Assembles 
 

2.2.11. Performance Evaluation of Turbulent Tree-Shaped Flow. Part 2: Y-Shaped 

Assembles 
 

Abstract - Performance evaluation of turbulent flow in two T- and Y-shaped assemblies of ducts 

have been performed in this study. The objective is to achieve the best geometric configuration 

of each assembly for maximum thermodynamic benefit according to the constrains imposed.  

Global performance evaluation criterion has been used to evaluate the effectiveness of the 

two tree-shaped designs for heat exchanger application. This criterion pursues two objectives 

simultaneously: minimum entropy generated and maximum heat flow achieved, to evaluate the 

benefit that can be achieved through the optimization of a simple fully developed turbulent flow 

system. 

The boundary condition on the duct wall was fixed as heat flow per unit length. The flow is 

assumed turbulent fully developed.  

 

 

 

 

 

 

 

 

 



 

 

8. )��������� �� 	���� ������� �������� 

 

3.1.3. )��������� �� 	������� 	����� ������� �������� � ������� ���� 

 

3.1.4. )��������� �� 	����� ������� �������� � ������� ��	��� ���� 

 

3.1.5. )��������� �� ���

���-������ ������� �������� 

 

������ - ) ���
 ��
 ����

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

������	 ������ ���	�� �������� � ������	
 ����
 [3.1.3.], ������ ���	�� �������� � 

������	
 ����
		
 ����
 [3.1.4.] 
 ���	�� �������� � ������	
-����
		
 ����
 [3.1.5.]. 

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

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

����������	
�. '�������	� � ���� 
 ��
�	
��� 	� �
�
	��� 	� �������, �����	�� 	� 

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

 

 

3.1.3. Efficiency of Flowing Flat Solar Collector with Finned Tubes 

 

3.1.4. Efficiency of Flat Solar Collector with Finned Heat Pipes 

 

3.1.5. Efficiency of Vacuum Tube Solar Collector 

 

Abstract - The instant and integral characteristics of flowing flat solar collector with finned 

tubes [3.1.3.], flat solar collector with finned heat pipes [3.1.4.] and solar collector with vacuum-

heat pipes [3.1.5.] have been investigated in this three papers. The variation of instant efficiency 

of solar collector with solar heat flux and temperature of the intermediate coolant during the day 

hours have been presented. The influence of the fin width, degree of filling in of the heat pipe 

and the kind of the glass cover has been investigated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

9. ������ �� ���������� �� ����� 	�
���  
�
��� ������ ����� � ����� 

���� 	� �
��
������ 	���� 

 

3.1.6. ������ �� ���������� 	� �	������� �� ����� 	�
��� ����� � ����� 

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

 

3.1.8. )��������� �� ������ �	���� ���� � ����� ���� 	� �
��
������ 

	���� - ������ 	������ 
 

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

���� ��
���	�-�����	
 ��	�
, �
	���
 ����
	
, �����/����
/�������
 
 ��
���. ���
 ��� 

����

 ���������� ���	�� �� �����
�	��� 	� 	���
 �
	���
 ����
		
 [3.1.6.] 
 �����	
 

��	���
 [3.1.8.] �����
, 
������� �
 �������	 ��
���
  �� ���	��, �� ��������	� 	� 

������	��� �	���
 	� �����. ) ������� ����
� �� ��������	
 
 ���	�	
 �����
 �� 

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

�
�����	
��: / 0.06 0.12e D = − , / 1.8 33.0p e = − , ��
 �����	
 ���
�
 ������ 
�
 ���� � 

������� ( ) 50 4 1 2 10= − ×Re . . . )�� ������� ����
� �� ��������	
 
 ���	�	
 �����
 �� 

��
���	�-�����	
 ��	�
 (����
���
 
 ���
�
�
��	
), � ����
	
 �������
	
 

��������
, � �����	
 ���
�
 ������ 
�
 ���� � ������� ( ) 40 2 5 0 10= − ×Re . . . 

 

 

3.1.6. Performance Evaluation of Wire Coil Inserts in Turbulent Tube Flow – Critical 

Review 

 

3.1.8. Performance of Different Twisted Tape Inserts in Turbulent Tube Flow – Critical 

Review 
 

Abstract - There are different kinds of inserts employed in the heat exchanger tubes such as 

helical/twisted tapes, coil wires, ribs/fins/baffles, and winglets. This two papers presents 

performance evaluation of some wire coil [3.1.6.] and twisted tape [3.1.8.] inserts, using a simple 

evaluation criterion to assess the possible energy benefit. Wire coil inserts, classical and 

modified, with different geometrical parameters in the ranges: / 0.06 0.12e D = − , 

/ 1.8 33.0p e = − , with  working  fluids as air or water in the range 5Re (0.4 1.2) 10= − ×  have 

been  taken into consideration in first paper. Twisted tape inserts, classical and modified, with 

different geometrical parameters with working fluids as air or water in the range 
4Re (0.2 5.0) 10= − ×  have been taken into consideration in second paper.  

 

 

 

 

 

 

 

 

 

 



10. *����������� �� ��	�������� � ��������� 	��$���� 	���� ���� 	�
��� 

����� 

 

3.1.7. *����������� �� ��	�������� � ��������� 	��$���� 	���� ���� 	�
��� 

����� 

������ - $��������� ����
� ��������� 
	��	�
�
���
� 	� ���������	� ��
 ��	�����	 

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

�
������� 	� ����
	��� ��� ������	
� �
������ 	� ������� 0 063=e / D .  
 ��	���	
� 

	� �������� 	� ����
	��� ��� �
������� 	� ����
	��� 12 2=p / e . . '���	�	
��� 	� 

����
�
�	�� 	� ��
�	� 
 ����
�
�	�
�� 	� ������������	� �� �����	
 � ���	
�
��: 

1100 10000< <Re  
 3 8 10< <. Pr  
 �� ����	�	
 � ���
 �� �������� �����. !�������
�� �� 

����
�	� ������	� �� 0 063=e / D .  
 7 3=p / e .  ���� �� ���������	
 �� ����	�	
�. 

 

 

3.1.7. Heat Transfer Enhancement in Single-phase Transitional Flow by Wire-coil Inserts 

Abstract - This paper presents heat transfer enhancement in single-phase transitional flow by 

wire-coil insert with geometrical parameters rib height-to-diameter ratio 0 063=e / D . , and rib 

pitch-to-height ratio 12 2=p / e . . The variation of the friction factor and heat transfer 

coefficients have been obtained in the ranges 1100 10000< <Re  and 3 8 10< <. Pr , and 

compared with those for the smooth pipe. The results of previous study for 0 063=e / D .  and 

7 3=p / e .  are also presented for comparison. 

 

 

 

11. *����������� �� ��	�������� � �
��
������ 	���� ���� 	�
��� ����� 

 

3.2.1. *����������� �� ��	�������� � ���� ���� 	�
��� ����� 

 

������ – ���	����

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

��
����	
��� 
� ���������		
�� ������
. ���� ����� ��� ��-�	�
���	� ��
 

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

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


�������� � ���
�� ����
. $��������� ����
� ��������� ����
		
�� 
 �
�����
	
�� 

��������
��
�
 	� 20 ����
	
 ����
		
 �����
 � �������
	
 ��������
:  

/ 0.058 0.12
i

e D = ÷ 
 / 1.79 33.0p e = ÷  �� �������	��	 ����� � ������� 8000 120000= −Re . 

 

 

3.2.1. Heat Transfer Enhancement in Tubes through Wire Coil Inserts   

 

Abstract - Heat transfer technology provides many advantages in heat exchanger application. It 

becomes even more significant in the retrofit design of shell-and-tube heat exchangers, where 

additional heat transfer area is often required. Tube inserts are frequently used in such 

applications. This paper discusses thermal and hydraulic performance of 20 different wire-coil 

inserts with geometrical parameters 0 058 0 12= ÷ie / D . . and / 1.79 33.0= ÷p e  for turbulent 

flow in the range 8000 120000= −Re . 



 

12. %����& �� 	����������� ������ �� ��$�� �� ���������� �� 

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

 

3.2.2. %����& �� 	����������� ������ �� ��$�� �� ���������� �� 

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

 

������ - !���
� � ��
���
  �� �������
���	� ���	�� 	� ������� �� ��
����	��� 	� 

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

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

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

 

 

3.2.2. Preliminary Performance Evaluation Criterion of Techniques for Heat Transfer 

Enhancement of Laminar Flows in Tubes and Ducts 

 

Abstract - Performance evaluation criterion for preliminary assessment of the benefit of use of 

heat transfer enhancement techniques of laminar flows in tubes and ducts has been developed. 

The criterion is deduced from the idea of Usui et al., and has been implemented to the sigle-

phase laminar flow. The usefulness of the criterion is demonstrated with several examples. 

 

 

 

 

13. �	��� 
����� �� ��������� �� ���������� �� ��	������� 	� ������ �� 

��������� 	���� � ����  ����� 

 

3.2.3. ���������� �� �	��� 
����� �� ��������� �� ���������� �� 

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

 

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


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


 �������	��	 �����. #�
��	
 �� ��	��	
�� �����	�	�
 	� ��������, ����������� �� 


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

	
. 

 

 

3.2.3. Possibilities of Experimental Set-up for Investigation of Heat Transfer Enhancement 

of Single-phase Flows in Pipes and Ducts 

 

Abstract - The possibilities of experimental set-up for investigation of heat transfer 

enhancement of single-phase, laminar, transitional/intermittent or turbulent flows in pipes and 

ducts have been presented. The description includes components of the set-up, instruments for 

measuring, data reduction and methods for calculation of the final results.   

  

 

 

 


