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Case Study #12: Improving Reamer Design Using Coupled Eulerian Lagrangian Method

Summary

MindMesh performed finite element analysis (FEA) to better 
understand the reamer performance when reamer drills 
through tortuous borehole. In this study, we compared 
borehole smoothness and reactive torque between two types 
of reamers (Figure 1). Our modeling process provided insight 
into reamer design and improved the reliability of reamer 
under downhole operating conditions.   

Challenges: 

• Build the tortuous
borehole model to
mimic operating
condition

• Simulate rock failure
and cutting process

Results: 

• Improved
understanding of
reaming process

• Improved reliability
and performance of
reamer

• Provided guidance into
reamer design

(a)                                           (b) 
 Figure 1. (a) Reamer A (b) Reamer B 

About the Client(s) 

This analysis of reamer was developed and addressed for 
our clients in the oil and gas industry. Reamer is widely 
utilized to improve hole smoothness by cutting doglegs 
and spirals of borehole. A common issue of contact 
between cutters and formation can generate large 
reactive torque, causing reamer failure. Ranging from 
service providers, suppliers, and consumers, this analysis 
was a necessity to improve the reliability and reduce 
failures of the reamer under operating conditions.  

Challenge 

The two main components related to this study are 
reamer and the tortuous borehole.  During the reaming 
process, the reamer drills through the borehole at a 
given rate of penetration (ROP) and it also rotates in a given 
rotation velocity. As it rotates, the reamer cleans borehole and 
enlarges it to the desired size. However, the contact 
between cutters and formation may also induce large 
reactive torque and thus 
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cause mechanical failure of the reamer. Reamer manufacturing and downhole testing may cost millions of dollars. Thus, there 
is a need for a cost-effective method to evaluate reamer design. 

In this analysis, our first challenge was to build the tortuous borehole model to mimic the operating condition. The 
second challenge was to understand how the reamer interacts with the formation and simulate rock failure. In the numerical 
analysis, the contact between cutters and formation could induce high deformation and excessive element distortion, which 
will result in numerical instability using the conventional Lagrangian method in FEA.   

How Did We Help? 

In our simulation, we utilized 3D models to better understand the physical behavior of reamer (Figure 2). To take into account 
the tortuosity, borehole is modeled as a spiral (Figure 3). In order to overcome the difficulty of modeling high 
deformation in Lagrange method, this study utilized coupled Eulerian Lagrangian (CEL) method. The reamer is 
considered as Lagrangian body, in which the mesh is tied to the body; whereas the formation is modeled using the Eulerian 
method, in which failed rock can flow through the mesh as it deforms.   

We developed transient dynamic models to simulate the reaming process and studied the resulting borehole smoothness and 
reactive torque under operating conditions (Fig. 4 and 5).  By comparing the peak torque and the distribution of borehole 
diameter, we evaluated the performance of reamer A and B.  

Fig. 2: Screenshot of reamer drilling through tortuous borehole. Red color at borehole indicates the failed 
rock 
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  Fig. 3: Illustration of borehole after reaming. Red color indicates the failed rock  

Results 

By performing this analysis of reaming, this is what was achieved: 

 We analyzed the reaming process and rock failure as reamer drills through tortuous 
borehole

 We evaluated and compared borehole smoothness between reamers (Figure 4)
 We evaluated and compared reactive torque between reamers (Figure 5)
 The simulation results are consistent to the observations in the field. 

(a)   (b) 

Fig. 4: Top view of borehole after reaming of (a) reamer A and (b) reamer B. The results indicate Reamer 
B has better borehole smoothness.  




