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Turbulence Rheometer 

Short Introduction 

 
 
 
PSL Turbulence Rheometer 

The PSL Turbulence Rheometer is a fully automated test plant in laboratory size to do research on 
fluid behaviour in pipelines. Applications of the device are research on efficiency and optimisation of 
Drag Reducing Agents (DRA). 

 

The Turbulence Rheometer offers a time saving operation of the necessary tests in a compact 
design. An integrated PC and associated software allow an easy handling, monitoring and data 
logging of experiment runs.  

 
 

Turbulence Rheometer Principle 

The principle of the Turbulence Rheometer provided by the PSL Systemtechnik GmbH is a huge 
hydraulic driven injection system. A hydraulic piston is driving a sample piston. Thus, any contact of 
hydraulic oil and sample can be eliminated. The sample is pumped through a test line with small 
diameter. This way, experiments can be executed with a variable flow rate and a wide range of 
Reynolds numbers. Only a small amount of sample fluid is necessary.  

By measurement of the absolute pressure or calculation of the differential pressure loss for each line 
segment the drag effect can be monitored.  
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Flow ramp absolute pressures
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Flow ramp for water 
 

By comparison of the pressure losses with and without DRA the efficiency of the agents can be 
easily calculated. Using a flow rate ramp, different Reynold numbers can be analysed within one 
test. Repetitive tests enable check on long-term stability of the DRAs.  

 

To ensure best measurement results, 
the TR is specially designed without 
any sharp edges or diameter 
changes. The special shape of 
sample piston and cylinder head 
assures constant acceleration at the 
line inlet to minimize shear forces. 
Charging and discharging steps are 
done by pneumatic pressure. Thus, 
no pumps are necessary. 

Test line, specimen cylinder and 
sample vessel are double-jacket 
temperature controlled. 

Different line sizes can be used 
according to sample viscosity. The 
layout can be optimised for the needs of the customer. 

 

 

 

Sample piston and cylinder head 
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Measurement results  
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Reynollds Numbers
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Differential Pressure
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These diagrams show a typical 
test result for: 

 

Specimen: water  
Total Volume: 3000 ml 
Line Diameter: 5 mm 
Start Flow Rate: 10 ml/s 
Target Flow Rate: 400 ml/s 
Temperature: 20 °C 

 

Reynold number range can 
be calculated out of diame-
ter, flow rate and viscosity.  

Differential pressure calcu-
lation shows pressure loss 
per segment. 

 

Segment lengths: 

DPress1 => 0.5m 

DPress2 => 0.5 m 

DPress3 => 1.0 m  
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   Custom design (parameter calculation) 
 

  TR Calculation Sheet                PSL Systemtechnik GmbH 
                            
  Demands                          

  Reynolds Number Re = 80000   Re = 50000   Re = 20000   Re = 4750   
                            
  Technical Data                          
  Hydraulic Pressure / [bar] pV = 50,0   pV = 50,0   pV = 50,0   pV = 50,0   
  Hydraulic Feed Rate / [l/min] QV = 30,0   QV = 30,0   QV = 30,0   QV = 30,0   
                            
  Sample Data                          
  Sample Type Water (20°C)     Water (20°C)     Fuel Oil (20°C)     Australian Crude     
  kinemat. Viscosity / [cSt] n =  1,0   n =  1,0   n =  5,3   n =  19,0   
  Density / [kg/m³] r  = 1000,0   r  = 1000,0   r  = 950,0   r  = 950,0   
                            
  Geometrical Data                          

  Tube Diameter / [mm] D = 5,0   D = 3,0   D = 5,0   D = 5,0   
  Tube Length / [m] L = 3,5   L = 3,5   L = 3,5   L = 3,5   
  Tube Surface Param. / [mm] k = 0,001   k = 0,001   k = 0,001   k = 0,001   
                            
  Test Parameters                          
  Piston Speed / [m/s] v = 16,0   v = 16,7   v = 2,0   v = 18,1   
  Test Duration / [s] t = 5,0   t = 5,0   t = 5,0   t = 5,0   
  Sample Volume / [l] V = 1,57   V = 0,59   V = 2,08   V = 1,77   
  Necessar Feed Rate / [ml/s] Q = 314,0   Q = 117,8   Q = 416,1   Q = 354,2   
                            
  Pressure Loss                          

  Pressure Loss Tube / [bar] DpR =  16,86   DpR =  34,29   DpR =  39,67   DpR =  41,29   
                            
  Feasability Check                          
  Hydraulik Pressure OK     OK     OK     OK     
  Hydraulik Feed Rate OK     OK     OK     OK     
  Piston Size OK     OK     OK     OK     
  Sample Volume OK     OK     OK     OK     
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Software 

The PSL control software TR_Control allows automatic and manual control of the complete device. 
With this software the user defines test environment and test schedules. 

 

All data is stored in Excel compatible files or may be processed by the additional evaluation software 
TR_Evaluation software. 
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Conclusion 

The Turbulence Rheometer provided by PSL is a powerful aid in analysing specimen under defined 
turbulent flow conditions. It can be used to analyse drag reducing agents within short time with a 
small amount of sample fluid. Tests for DRA efficiency as well as durability can be performed at flow 
conditions that are approximately the same as in real pipeline systems.  

Hence, the PSL Turbulence Rheometer will help you to optimise your flow management. 

 
 

 

 
Turbulence Rheometer in the lab
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Technical Data 
 
 

Reynolds No. : 300.000 (with 5mm line, water) 
 
Temperature Range : -10°C .. +80°C   (14°F .. 176°F  ) 
 
Pressure Range : 0 .. 35 bar   (0 .. 507 psi) 
 
Line diameter : 5 mm / 3 mm 
 
Line length : 3.5 m 
 
Sample volume : 0.5 l .. 3 l 
 
Material : Stainless steel, PEEK, PTFE, Viton 
 
Power supply : 380 VAC, 16 A 
 
Pneumatic supply : 6 bar, 1 l/min 
 
Dimensions : 180 x 175 x 80 cm  (W x H x D) 
 
Weight : 150 kg 
 
 
 
 
 
 
 
 
 


