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Summary 

In any design urea plant there is a very important pipeline connecting the High Pressure with the Low 
Pressure section. In this pipeline, the operating pressure reduces suddenly and there is a huge 
pressure drop of 130-140 bars. The high pressure drop results in flashing and thus a two-phase flow 
causing vibrations in this pipeline.  

Solutions from process and mechanical point of view have been investigated. From process point of 
view there are some solutions however one has to be able to accept a somewhat more urea losses due 
to hydrolysis and a higher biuret content in the final product.  

From mechanical point of view it is advised pay proper attention to the design and installation of the 
supports of this pipeline. Further sufficient bends and expansion bellows to absorb the vibrations are 
to be included in the design. Finally special attention has to be paid to the lay-out of the actuator in 
relation to the pipeline; experience has proven that a vertical installation of control valve will decrease 
the vibrations in comparison of a horizontal control valve. 
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1. Introduction 

In any urea plant there is a very important pipeline connecting the High Pressure with the Lo Pressure 
section. In this pipeline, the operating pressure reduces suddenly and there is a huge pressure drop of 
130-140 bars. The high pressure drop results in flashing and thus a two-phase flow causing again high 
vibrations in this pipeline.  

There is several possible mechanical reasons for vibrations of this pipeline during normal operation, 
such as: 

 Lack of support 
 Weakness of support 
 Insufficient number of supports 
 Loose spring hanger or u-bolts 
 Bad isometric design, 
 Incorrect support installation  
  …  

 
and in some cases there are process causes like for example: 

 high velocity 
 non-uniform two phase flow 
 turbulence 
 cavitation  
 hammering 
  … 

 

Let’s investigate the possible process causes of vibrations of this critical area in a urea plant. This area 
is the pipeline between High Pressure and Low Pressure section where the pressure reduces in for 
example a Stamicarbon PoolCondenser plant from about 145 bar to 4 bar suddenly over the level 
control valve. In this line urea solution flows from the HP Stripper bottom outlet to inlet of rectifying 
column. 

The HP stripper outlet pressure is 145 bar and rectifying column inlet pressure is 4 bar, so the delta-P 
is 141 bar which is a very huge delta-P. This high delta-P causes the liquid to flash partly and the 
velocities increase considerably leading to high vibrations in this line, especially at the outlet of the 
level control valve of the HP stripper up to the rectifying column inlet.  

Let us first investigate the possible causes of this problem from process point of view.  
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2. Description 

The typical process conditions of the flow inlet and outlet of the above mentioned segment at a 
Stamicarbon 3250 MTPD urea plant are as per following table:  

Table 1: Process data 

Description 
Urea solution 

from HP stripper 
outlet 

Mixture (two phase flow) 

Flash gas outlet of 
rectifying column urea solution 

outlet of LCV 
Flash gas 

outlet of LCV 

Stream 1 2 3 4 

Phase liquid Liquid vapor vapor 

Pressure  
(Bar a) 

145 4 4 4 

Temperature (oC) 170 116 116 116 

volumetric flow 
(m3/h) 

221 195.9 9525 15735 

Line size 8" 8" 8" 20" 

Velocity m/sec 2 83 22 

comment Normal 
Two phase flow with very High 

velocity 
Normal 
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The figure below shows a schematic presentation of the process scheme. 

 

Figure 2: Process scheme  

Figure 3 shows a schematic presentation of the lay out of the pipe line. 

 

Figure 3: Lay out of the pipeline 

 

LCV 

HP Stripper 

Rectifying column 

8”  8” 4” 4” 

8” 

1 

3

2

4 

Two phase flow 

LCV 

HP Stripper 

8” 

8” 

4” 

4” 

8” 

1 

3

2

4 

Two phase flow 

20 m 

3 m Ground level 

Rectifying 

column 



  

 

 

 

 

 5 

3. Results and discussion 

As we can see in Table 1, there is a two phase flow inside the 8” pipe line from outlet of Level Control 
Valve up to the inlet of rectifying column. The volumetric flow rate is the summation of stream 2 and 
3: 

 195.9 + 9525 = 9720.9 m3/h  

which is a huge two phase flow volumetric flow rate. The velocity of this two phase flow is 83 m/sec 
which is a very high velocity. This high velocity makes too much hard impact on the inside line wall 
and the five elbows of the line. The length of this line is about 25 m. 

As per the above description and results, for eliminating of the vibrations, we have to decrease the 
velocity from 83 m/sec to less than 10 m/sec. In principle there are two ways for decreasing the 
velocity and eliminating of the vibrations: 

1. Replacement of the existing 8” line (from the outlet of Level Control Valve up to the inlet of 
rectifying column) with a 24 " line in which the velocity will be 9.25 m/sec. (if we use 36" line, 
velocity will be 4.1 m/sec which is even more acceptable for two phase flow). 
 

2. Relocation of the Level Control Valve from the existing point to the inlet of rectifying column to 
avoid the creation of two phase flow inside the existing 8 " line. In this case, the velocity will 
be 2 m/sec up to the rectifying column. 

 
When choosing these solutions one has to take into account a larger residence time in the pipeline 
which results in a somewhat larger urea loss due to the hydrolysis reaction (Urea + H2O => 2 NH3 + 
CO2) and a somewhat higher biuret content in the final product. 
This investigation from process point of view shows that vibrations in this pipeline are unavoidable 
with the current design and are caused by the two-phase flow, which occurs due to the pressure drop 
over the level control valve. 

Now let us also investigate the impact of these vibrations on the mechanical design of the pipeline. 
First of all proper attention has to be paid to the design and installation of the supports of this 
pipeline. Further sufficient bends and expansion bellows to absorb the vibrations are to be included in 
the design. 

From Figure 3 one can conclude that a large part of the lay-out of the pipeline is in vertical direction, 
while the actuator of the level control valve is located in horizontal direction. The vibrations will cause 
a vertical movement of the pipeline, which could bring large forces on the actuator and stem of the 
control valve leading to a possible damage of the control valve. A proper support of the control valve 
is therefore important. 

Another option is to install the actuator of the Level Control Valve in vertical position while the pipeline 
is designed with additional bends before it goes upwards in vertical direction to the inlet of the 
rectifier. This is shown in the next picture. 
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Picture 1: Actuator in vertical position. 
 
 

4. Conclusions 

In any urea plant there is a very important pipeline connecting the High Pressure with the Low 
Pressure section. In this pipeline, the operating pressure reduces suddenly and there is a huge 
pressure drop of 130-140 bars. The high pressure drop results in flashing and thus a two-phase flow 
causing vibrations in this pipeline.  

Solutions from process and mechanical point of view have been investigated. From process point of 
view there are some solutions however one has to be able to accept a somewhat more urea losses due 
to hydrolysis and a higher biuret content in the final product.  

From mechanical point of view it is advised pay proper attention to the design and installation of the 
supports of this pipeline. Further sufficient bends and expansion bellows to absorb the vibrations are 
to be included in the design. Finally special attention has to be paid to the lay-out of the actuator in 
relation to the pipeline; experience has proven that a vertical installation of control valve will decrease 
the vibrations in comparison of a horizontal control valve. 
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