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ABSTRACT: The gas-liquid supersonic separator is a convergent-divergent nozzle in which 
condensation and phase change at speeds higher than sound are the characteristics of this device. The 
fluid flow, mass, and heat transfer in supersonic separators are not understood well due to the complicated 
interaction of the supersonic flow and phase change. In this research, the virial gas equation of state and 
a mathematical model have been used to accurately predict spontaneous condensation using nucleation 
and droplet growth theories. The droplet average radius and pressure distribution obtained from the 
numerical model are well consistent with the experimental data. The results showed that with a 3.5% 
decrease in inlet temperature at constant pressure, the average radius of the outlet droplets increased by 
more than 40%. Also, with about a 40% increase in inlet pressure at a constant temperature, the maximum 
liquid mass fraction increased by more than 90%. Therefore, low temperature and high pressure at the 
inlet are necessary to improve the separation efficiency. Also, the lowest entropy generation rate due 
to temperature changes is related to the highest pressure and the lowest temperature, and the lowest 
entropy generation rate due to pressure changes is related to the lowest temperature and pressure. The 
Bejan number calculation showed that irreversibility is affected by the effects of fluid friction compared 
to heat transfer.
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1- Introduction
Considering the increasing use of natural gas as a source of 

energy production, as well as the discovery and emergence of 
new gas sources, providing as many new related technologies 
as possible is introduced as a basic need for the development 
of this industry. In the gas refining and transmission sector, 
natural gas dehumidification is one of the prerequisites. 
The raw gas extracted from the wells, has some impurities, 
including water vapor, which reduce the calorific value of 
the gas; If this water vapor condenses inside gas transmission 
pipelines, it can cause major problems including corrosion, 
reduced transmission efficiency, and hydrate formation. 
The supersonic separator, which is a converging-diverging 
nozzle, is an advanced separation technology focusing on 
water vapor removal [1, 2].

Since most of the previous research has not used a 
suitable model for simulating and observing the phenomenon 
of condensation and the formation of liquid particles, the 
innovations of the present research are: (1) Considering the 
ambiguities related to the correct method of mathematical 
modeling, a suitable model is used to simulate the condensation 
phenomenon of water vapor particles and to evaluate the fluid 
flow inside the supersonic separator. (2) Considering that the 
numerical simulation results depend on different nucleation 
theories and different droplet growth models, the appropriate 

theory and model are used to minimize the error between 
numerical modeling results and experimental data. (3) Also, 
investigating entropy generation (due to temperature and 
pressure changes) in the supersonic separator is another 
innovation that has not been discussed in the past.

2- Methodology
For the condensation of water vapor inside the nozzle, 

the fluid flow behavior is described by partial differential 
equations as follows [3].
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Mass conservation equation for liquid phase [4]: 
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To accurately describe heat and mass transfer, 
another transfer equation that specifies the number of 
liquid droplets per unit mass (Nd) is written as [4]: 

(5) ( ) ( )d j d N

j

N u N S
t x
 

 
+ =

 
 

Together, these equations form a closed system of 
equations that allow the calculation of the wet steam 
flow field. 

The volumetric rate of local entropy generation due 
to temperature changes is expressed in Eq. (6) [5]. 
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Also, the volumetric rate of local entropy generation 
due to pressure changes is defined by Eq. (7) [5]. 
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The Bejan number ( Be ), which expresses the ratio 
of the entropy generation rate due to temperature 
changes ( ,gen TS


) to the total entropy generation rate, is 

calculated through Eq. (8) [6, 7]. 
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The equation of state formulated by Yang [8], which 
is used in the present research, is expressed by the 
following relationship: 

(9) 2(1 )v v v vP R T B C  = + +  

3. Results and Discussion 

For validation, the experimental data of the Headback 
nozzle [9] is used; The geometry and dimensions of this 
nozzle are given in Fig. 1.  
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4. Conclusions 

By increasing the inlet pressure at a constant 
temperature or decreasing the inlet temperature at a 
constant pressure, it was observed that (1) the steam 
reaches the supersaturated/supercooled state faster, (2) 
the nucleation process happened faster and it is easier to 
reach condensation, (3) the liquid droplets formed 
faster, will have more opportunity to grow and will have 
a larger radius, (4) with the faster formation of the 
liquid phase and the increase in the droplet average 
radius, the mass fraction of the liquid will increase. 
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was observed that (1) the steam reaches the supersaturated/
supercooled state faster, (2) the nucleation process happened 
faster and it is easier to reach condensation, (3) the liquid 
droplets formed faster, will have more opportunity to grow 
and will have a larger radius, (4) with the faster formation 
of the liquid phase and the increase in the droplet average 
radius, the mass fraction of the liquid will increase.
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