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Abstract 
Condensing flows in nozzles and stationary blades of steam turbine have always been the subject of many 

studies in recent years. The slip between two phases of droplet and vapor has been ignored in calculations but, in 
the present study, the governing equations by considering slip between two phases and also incorporating droplet 
momentum equation have been developed to the solution. The governing equations have been solved using the 
Eulerian–Lagrangian method and fourth order Runge- kutta scheme.  The numerical results of slip and no slip 
cases have been compared with the experimental data. The innovation of this study is developing an analytical 
code by adding the droplet momentum equation to governing equations and modeling the slip between phases in 
supersonic condensing flow. All the solutions are based on a one dimensional analytical code in converging-
diverging nozzles.Considering slip in these three nozzles shows that the radius of droplets has a good agreement 
with experimental data and its value is increased. Also, wetness fraction is reduced compared to no slip case. 
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0�% �X�  54�� fX�7 G)H�  �	+ ��;7 �X�  5��)%� � E���

����+.  � ��;7 ��#% �� � � <�� �7 ���
�� ��;7 �X�  5��)%�

)H� 1�	7 ���! �7 ��� G)H� <�%�' �I� �� �7 ��#% ��� G

7�� 54��
.	  

 

5-4 - T�C�/ W;5 LC��   6:0
 W;5�� ���:  

 >��Y �7 *��  c�%�� �3��
GS T-(P)T T=∆  ��� �

    ��� i���?� 8��+� ���#% �7 ��#% ��� >��Y �7 8�+� c�%-

 -�+ .	���'12   -��+ � *��  c�%�� �3��13    c��% ����
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X (cm)
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4

6

8

Moore B
P0in=25kpa
T0in=357.6k

X (cm)

J(
#/

m
^3

.s
)

32 34 36
0

1E+21

2E+21

3E+21

Slip
No slip

Moore B
P0in=25kpa
T0in=357.6k

V1

V
2

33 33.2 33.4 33.6 33.8

2.2E+21

2.4E+21

2.6E+21

2.8E+21

Distance from throat (m)

W
et

ne
ss

(%
)

0.1 0.2 0.3 0.4
0

1

2

3

4

Slip
No slip

Moore B
P0in=25kpa
T0in=357.6k

V1

V
2

0.489 0.49 0.491 0.492 0.493 0.494 0.495
4.06

4.08

4.1

4.12

4.14

4.16

4.18
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�� 5��)%� G)H� <�%�'	7���       ��7 ���;7 *���7 ���� *����� ���0

 _�X *���� >��YE��� �7 ����� *��� -:?�� �� -:X  � 	�
�

 ��� 5��)%� E��� �X�  qwb �7 �� ��;7 �X�  .	�4�   5��)�%�

   ��7 ���#% ��� � ��;7 ��#% �� � � <�� �7 ���
�� ��;7 �X� 

7�� 54�� G)H� 1�	7 ���! �7 ��� G)H� <�%�' �I� ��
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�� ��:� G)H� �7 8�+� c�% ��� � *��  c�%�� �3�� 	��+

 �����3 `���� 54�� �� ���0  � <�%��' ��I� �� �7 .	
4�  �G)�H

 �7�T� ��� �� � � ��%�� 54�� G)H� 1�	7 ���! �7 ���

   ��N� ��� *����� �� .	+�7 �� ���0 ����3 `�� 54�� -��� �7

 G)H� <�%�' �I� �� �� � V0J �4��H�� � �M� *��7 *��#�7
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�

.� � ��#�7 �� �+�� >��@N *��7 1� ��:4�  

  

�3:���  

A  1�:�� x@   

PC �7�= ��#% �� �6�� *���' 
De /���� ������	�4 �@N 

F  *������� 0�% �� <�7  
5 /���� \��@Y� A��9 
h �z����� 
6 ���0 ����3 `�� 

78 < 	� �	X  
L 1�$� *���' 

9/ ��@N &� V�3 
Ma :`�� �	X  

N V�3 	!�� �7 �$������ ��	?�  

P ��#% 
�/ ��#% ��� 

�;(��) *��� �� 8�+� ��#%�� 
q 5��"2 A��9 

X (cm)

D
ro

pl
et

ra
di

us
(m

)

73.6 73.8 74 74.2 74.4

2.06E-08

2.08E-08

2.1E-08

Slip after
Slip before

Moore B
P0in=25kpa
T0in=357.6k

Distance from throat (m)

W
et

ne
ss

(%
)

0.49205 0.4921 0.49215 0.4922

4.11

4.1105

4.111

4.1115

4.112

4.1125

Slip before
Slip after

Moore B
P0in=25kpa
T0in=357.6k

0

2E-12

4E-12

6E-12

0.00E+00 8.00E-09 1.60E-08 2.40E-08

Drag 

force(N)

Droplet radius (m)

Drag force
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ρ ���"2  
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