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1. Introduction 

In recent years, numerous experiments in straight vertical pipes were performed at the FZD 
TOPFLOW facility for the development of closure relations for CFD codes describing the 
forces acting on bubbles of different size. In the current TOPFLOW experiments, the large 
test section with a nominal diameter of DN200 was used to study the flow field around an 
asymmetric obstacle. This is an ideal test case for CFD code validation, since the obstacle 
creates a pronounced three-dimensional two-phase flow field. Curved stream lines, which 
form significant angles with the gravity vector, a recirculation zone in the wake and a flow 
separation at the edge of the obstacle are common in industrial components and installations. 
 

 
Fig. 1: Sketch of the movable obstacle with driving mechanism - a half-moon shaped 
horizontal plate mounted on top of a toothed rod 

 
Experiments were performed with an air-water flow at ambient conditions as well as with a 
steam-water mixture at a saturation pressure of 6.5 MPa. The measurements were carried out 
in the vertical test section of TOPFLOW using a DN200 wire-mesh sensor. The wire-mesh 
sensors supply detailed data on the instantaneous flow structure with a high resolution in 
space and time. In particular, they allow visualizing the structure of the gas liquid interface. 

                                                 
1 ETH Zürich, Department of Mechanical and Process Engineering 
2 ANSYS Germany, Staudenfeldweg 12, 83624 Otterfing 

39 



Pretest calculations using CFX-10 applying a monodispersed bubble size approach were 
performed for the conditions of test run 074 (JL = 1.017 m/s, JG = 0.0368 m/s) (see Frank, 
2006, Prasser et al. 2005a, Prasser et al. 2005b). In the calculation, a fluid domain was 
modeled 1.5 m upstream and downstream the obstacle. Half of the tube including a symmetry 
xz-plane was simulated. 
 
In recent years in close cooperation with ANSYS/CFX a population balance model was 
developed to simulate flow situations with higher gas volume fraction. Several dispersed 
gaseous phases are modeled having a distinct velocity field. Bubble fragmentation and 
coalescence are simulated by decades of gaseous sub-size mass fractions. Preliminary 
investigations have shown that it is necessary for an adequate resolution of the size spectrum. 
These sub-size mass fractions are assigned to few dispersed gaseous phases. This approach 
called “inhomogeneous multiple bubble size group (MUSIG) approach” enables the 
simulation of bubble size dependent bubble forces. In the present report this model approach 
is applied to air/water obstacle experiments run 096 (JL = 1.017 m/s, JG = 0.0898 m/s) and run 
097 (JL = 1.611 m/s, JG = 0.0898 m/s). 

2. The main observed phenomena 

In the presented calculations for run 096 respective run 097 25 respective 20 sub-size gas 
fractions representing equidistant bubble sizes up to 25 mm respective 20 mm were simulated 
assigned to 2 dispersed gaseous phases. The first 6 fractions were assigned to the first and the 
remaining fractions to the second gaseous phase. The bubble size distribution measured at the 
largest upstream position was set as a boundary condition for the calculation. 
 

 
a) liquid velocity 

 
b) void fractions 

 
Fig. 2: Comparison of time averaged calculated(left) and measured(right) values up- and 
downstream of the obstacle in the air-water test run 096, JL = 1.017 m/s, JG = 0.0898 m/s 
 
The ANSYS CFX simulation results have been compared to three-dimensional wire-mesh 
sensor data in Fig 2. The water velocity and the total gaseous void fraction are presented. Like 
for the pretest calculations also here for the test with higher gas fractions all qualitative details 
of the structure of the two-phase flow field around the obstacle could be reproduced. In this 
chapter the general phenomena are discussed first.  
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Shortly behind the obstacle a strong vortex of the liquid combined with the accumulation of 
gas is found. The measured and calculated shape and extension of the recirculation area agree 
very well. Upstream the obstacle a stagnation point with lower gas content is seen in 
experiment and calculation. Details, like the velocity and void fraction maxima above the gap 
between the circular edge of the obstacle and the inner wall of the pipe are also found in a 
good agreement between experiment and calculation. In the undisturbed cross sectional part 
of the tube a strong jet is established. 

3. Phenomena in the wake of the obstacle 

More detailed understanding of the flow situation can be gained, comparing the results of the 
inhomogeneous MUSIG model. According to the applied bubble fragmentation model of Luo 
and Svendsen (1996), bubble fragmentation can be expected in regions showing high 
turbulence eddy dissipation. Fig. 3 presents maximum values of the turbulence eddy 
dissipation at the edges of the obstacle. 
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Fig. 3: Calculated turbulence eddy 
dissipation (run 096) 

Fig. 4: Measured bubble size distribution 
for run 096  

 
At the same time the applied bubble coalescence model of Prince and Blanch (1990) indicates 
strong importance of coalescence in regions of bubble accumulation i.e. in the wake behind 
the obstacle (see Fig. 2b). Both bubble coalescence (see gas accumulation shown in Fig. 2) 
and bubble breakup (see distribution of turbulence dissipation Fig. 3) partially compensating 
each other are expected shortly behind the obstacle. 
 
Fig. 4 shows measured cross sectional averaged bubble size distributions upstream  
(z = -0.52 m), shortly behind (z = 0.08m) and downstream the obstacle (z = 0.52 m). In the 
bubble accumulation zone at z = 0.08 m the cross sectional average shows a shift towards 
larger bubbles. The calculated bubble size distributions (see Fig. 5 for the run 096 and Fig. 6 
for run 097) however show a shift of the mean bubble diameter towards smaller bubbles 
shortly behind the obstacle. In the calculations the bubble breakup is overestimated. This 
disagreement was found not solvable by simply changing of breakup or coalescence 
coefficients, which were set here FB = FC = 0.05. Similar deviations would arise at other 
locations of the flow domain. 
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Fig. 5: Calculated bubble size distributions 
for run 096 (JL = 1.017 m/s, JG = 0.0898 m/s) 

Fig. 6: Calculated bubble size distributions 
for run 097 (JL = 1.611 m/s, JG = 0.0898 m/s) 

 

  
Fig. 7: Streamlines for small (left) and large 
(right) bubbles (run 096) 

Fig. 8: Bubble lift force vectors for the 
different gas velocity groups (run 096) 

 
On the one hand the liquid velocity flow field generates a lift force field which transports the 
small bubbles into the region behind the obstacle (see Fig. 7 for the bubble streamlines and 
Fig.  8 for the lift force arrows). On the other hand, the air accumulation in this region leads to 
bubble coalescence and the generation of large bubbles. This phenomenon is underestimated 
in the calculations. Fig. 9 shows very well that small bubbles are transported behind the 
obstacle. In the experiments larger bubbles are created by coalescence in this region. In the 
calculations however, bubble coalescence is exceeded in this region by bubble fragmentation. 
Caused by the lift force large bubbles are redirected into the downstream jet (see Fig. 9). The 
streamline representation (see Fig. 7) clearly shows this phenomenon for large bubbles 
already present in the upstream flow. 

4. Phenomena in the jet 

In the cross sectional area beside the obstacle a strong jet is established creating strong shear 
flow. The resulting phenomena are more pronounced with increasing water velocity. 
Therefore, run 097 is considered, where the liquid velocity was increased to JL = 1.611 m/s. 
Fig. 10 presents measured and calculated cross sectional gas fraction distributions for this run. 
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In the most downstream cross section of the measurements an almost gas bubble free region is 
found. This effect is seen in almost all air/water measurements but not in the steam/water 
tests. The streamline representation of the calculations however (e.g. Fig. 7 for run 096), 
indicate large bubbles being directed into the jet caused by the lift force. 
 
This discrepancy between experiment and calculation can possibly be explained by the strong 
water velocity gradient near the jet. This strong shear flow induces bubble fragmentation 
which is not yet considered in the model of Luo and Svendsen (1996). In the tests, the big 
bubbles migrate towards the jet, but are fragmented at the relatively sharp boarder of this jet. 
Only a small fraction of the small bubbles created by this breakup process can enter the jet by 
action of the turbulent dispersion force. 
 

  
Fig. 9: Calculated (left) and measured (right) gas distributions up- and downstream of the 
obstacle resolved to bubble size classes (run 096 JL = 1.017 m/s, JG = 0.0898 m/s) 
 

5. Summary 

Applying the inhomogeneous MUSIG approach a more deep understanding of the flow 
structure is possible. The general structure of the flow around the obstacle could be well 
reproduced in the simulations. This test case demonstrates the complicated interplay between 
size dependent bubble migration and bubble coalescence and breakup effects for real flows. 
While the closure models on bubble forces, which are responsible for the simulation of bubble 
migration are in agreement with the experimental observations, clear deviations occur for 
bubble coalescence and fragmentation. The presently applied models describing bubble 
fragmentation and coalescence could be proved as weak points by Lucas and Krepper (2007) 
in numerous CFD analyses of vertical upward two phase pipe flow. Further work on this topic 
is under way. 
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Fig. 10: Calculated (left) and measured (right) gas cross fractional distributions downstream  
the obstacle (run 097 JL = 1.611 m/s, JG = 0.0898 m/s) 
Calculations (obstacle shown), distances at z = 0.08 m, 0.16 m, 0.25 m, 0.37 m and 0.52 m 
Measurements (obstacle in the upper left area) distances at z = 0.01 m, 0.015 m, 0.02 m, 
0.04 m, 0.08 m, 0.16 m, 0.25 m and 0.52 m 
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