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Abstract 

Fluid-solid interaction (FSI) becomes a more and more important and wider application field in 

the automotive industry. It is challenging to CAE engineers to predict performance of complicated 

systems under high speed flow and with dynamic free surface evolution. This paper presents the 

three following FSI accomplishments in the power sports field by using ICFD solver from LS-

DYNA®:   

(1)  Gear box oil flow driven by high spinning speed shafts. The goal of this work was to develop 

a CAE method to predict if oil in the gear box leaks out of the fuel hole at three gear box 

positions (00, 150, 400) and two rotation speeds (1060 and 3320 rpm). The CAE results 

completely comply with the test data. 

(2) Thermal flow in muffler. This CAE work was to investigate how the exhaust heat flow from 

the engine causes a temperature transfer along the muffler surface. Anisotropic porous 

modeling is used to model the flow through the catalytic converter and the CAE results are 

validated, respectively, by (i) the test flow rate data under constant temperature and (ii) 

the exhaust conjugate heat transfer test data. The results show good correlation.  

(3) Windshield buffeting. This project was done to explore if the window and roof of a side-by-

side MUV would fail by wind force.  

Introduction 

Due to the dramatic development of computer technology and engineering software, it becomes 

possible to solve complex fluid solid interaction (FSI) problems in modern automotive fields. In 
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modern vehicle design, gear box oil flow, thermal flow in muffler and vehicle structure buffeting, 

etc., are the some of the highly concerning areas that make challenging FSI problems. 

FSI in meaning is a coupling process between flow and solid in time and it occurs whenever the 

flow effect on the structure causes it deformation and even failure and the deformed structure 

interacts with the flow field. To predict these interactions, a highly sophisticated software is 

required to be able to simulate the fluid and the structural part evolving into a dynamic coupled 

system in which the fluid forces applied to the solid causes    the solid to displace at each time 

step. 

LS-DYNA® Version R8.1 includes the incompressible flow solver (ICFD) which can solve FSI 

problems [1]. It uses an implicit solver to solve the strong FSI process listed in Figure 1 [2]. 

Recently the LS-DYNA ICFD solver was used to solve  many FSI problems with good success [3-7]. 

 

 

 

 

 

 

Figure 1 FSI solver process in LS-DYNA®ICFD 

Next, we present three FSI accomplishments in Honda R&D, Ohio. LS-DYNA® Version 8.1 is 

applied. 

FSI Applications at Honda R&D, Ohio  

1. Gear box oil flow 

The objective of this work is to help designers to judge if the lubricating oil in a transmission box 

leaks out of the fuel hole at some critical positions and gear rotational speeds to help improve 

the design when a problem occurs. 

Figure 2 shows the three experiments at Honda Power Sports Division at Ohio. Three gear box  

positions were tested at 00, 150 and 400, and combined with the two rotation speeds of 1056 

rpm and 3320 rpm, respectively. Among all of the three tests, no oil leak is observed out of the 

fuel hole in Tests (a) and (c) while oil leak seen in Test (b). 
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The oil parameters are: density=0.904 𝑔/𝑐𝑚3   and dynamic viscosity = 384 𝑚𝑝𝑎 ∙ 𝑠 . In the 

simulations, the gears and gearbox surfaces are set as rigid. The one-way coupling parameter 

OWC =1 is used in *ICFD_CONTROL_FSI.   

(a) 00, 3320 𝑟𝑝𝑚    (b) 150, 3320 𝑟𝑝𝑚    (c) 400, 1056 𝑟𝑝𝑚  

Figure2 Experiments of gear box oil flow 

1.1 Model setup 

Figure 3 shows the exact oil level in the box for Tests (a-c). Figure 4 (a-b) shows the assembled 

ICFD fluid surface mesh and solid element mesh in the CAE model. Pid =4 describes the fuel hole 

area to calculate flux to judge oil leakage. Pid=5 is the fluid surface. Note that since the current 

ICFD solver cannot solve the moving  fluid boundary mesh, moving gear shafts are set with a small 

gap of ~ 1 mm to the gearbox boundary as seen in Figure 5. A non-slip condition is set to the fluid 

boundary. LES is selected as the turbulence model.  

Test (a)   Test (b)   Test (c) 

Figure 3 Oil level in Tests (a-c) 
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(a) ICFD fluid surface mesh   (b) Solid element mesh 

Figure 4 Assembled CAE mesh for gearbox 

 

 

 

 

 

 

Figure 5 Gears in the box 

 

 

 

 

 

 

Figure 6 FSI process of gear box flow simulation 

Figure 6 shows the link between the fluid surface mesh and the solid geometry mesh of the gears. 
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1.2 Results 

1.2.1 CAE vs test (a) 

The following figures show the results of the CAE compared to the test. Since the net flux value 

is zero, no oil leak is predicted. This matches the observation in the test. 

 

(a) CAE result     (b) Experiment 

Figure 7 Comparison between the CAE and test with flow level at stabilized stage 

  

Figure 8 Flux at the fuel hole from the CAE model 

1.2.2 CAE vs test (b) 

The following figures show the CAE and test results for test (b) where an oil leak occurred. Figure 

10 shows the net flux as non-zero later in the simulation indicating an oil leak. 
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(a) CAE result     (b) Experiment 

Figure 9 Comparison between the CAE and test with flow level at stabilized stage 

 

Figure 10 Flux at the fuel hole from the CAE model 

1.2.3 CAE vs test (c) 

The next set of figures show the results for Test (c) which also showed no oil leak. The zero net 

flux from the CAE confirms that prediction. 

    

 



11th European LS-DYNA Conference, May 9-11, 2017, Salzburg, Austria 

7 
 

(a) CAE result     (b) Experiment 

Figure 11 Comparison between the CAE and test with flow level at stabilized stage 

 

Figure 12 Flux at the fuel hole from the CAE model 

2. Conjugate Heat Transfer in Muffler 

The next type of analysis is using conjugate heat transfer to help reach a qualified muffler design. 

Two muffler flow tests were conducted at Power Sports Division, Honda R&D Americas, Inc., Ohio, USA. 

The CAE predictions vs experiment comparisons are discussed below. 
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2.1 Constant Temperature Flow in Muffler 

Figure 13 (a-b) illustrates the test layout. Air was pumped into the muffler inlet at three pressure 

values: 300, 200 and 100 𝑚𝑚𝐻2𝑂 and the three corresponding flow rates were measured as 

seen in Figure 14. Based on the diameter of the pipe (D=54.8 mm) the measured velocity values 

are 18.19, 14.57 and 9.77 m/s based on the input pressures given above.  

 

(a) Muffler structure      (b) Test equipment layout 

Figure 13 Experiment layout for constant temperature flow test 

 

Figure 14 Experiment measurement 

2.1.1 Model setup 

Figure 15 shows the assembled ICFD fluid surface mesh. A non-slip condition was again applied 

to the fluid boundary and LES is selected for the turbulence model. The muffler surfaces were 

defined as a rigid material. Air density and dynamic viscosity are set at 1.292 𝑘𝑔/𝑚3 and 1.86 ×

10−5𝑘𝑔/𝑚 𝑠. An anisotropic porous model is included in LS-DYNA® Version 8.1 to solve the flow 

through a catalytic converter. The following model parameters are defined by using the test data: 

porosity 𝜀 = 0.96, permeability 𝜅 = 4.55 × 10−5𝑚2, and Forchheimer factor 𝐹 = 0. 
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Figure 15 Assembled ICFD surface mesh of muffler 

2.1.2 Results 

Table 1 shows the comparison between the CAE results of velocity with the values measured in 

the test. The CAE results are within the targeted accuracy range. 

 

Test No. Pressure Drop 
at inlet (Pa) 

Velocity at inlet (m/s) 

Test CAE 

1 2492 18.19 15.03 
(-17.4%) 

2 1961 14.57 12.27 
(-15.8%) 

3 981 9.77 8.7 
(-10.9%) 

Table 1 Comparison between the CAE and test results 

 

 

 

 

 

 

(a) Test 1 

 

file:///E:/Users/ra030970/Desktop/test1_cae_v.wmv
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(b) Test2 

 

 

 

 

 

 

 

(c) Test 3 

Figure 16 CAE predicted stabilized flow fields 

 

2.2 Conjugate heat transfer in Muffler 

 

The following figure illustrates the conjugate heat transfer test layout. For the muffler structure 

illustrated in Figure 17 (a), the mean air pressure values from the engine were measured at the 

inlets of the two pipes (rear and front). In Figure 17 (b) the measured mean pressure at the 

collector location is shown which is used to compare with the CAE result. 

 

 

file:///E:/Users/ra030970/Desktop/test3_CAE_V.wmv
file:///E:/Users/ra014307/AppData/Local/Temp/notesB18105/test2_CAE_V.wmv
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(a) Muffler structure     (b) Mean pressure measurement 

Figure 17 conjugate heat transfer test layout 

 

2.2.1 Model setup 

 

Figure 18 (a-b) shows the assembled ICFD surface mesh and solid element mesh in the CAE 

model. Figure 19 shows the FSI process. 

The steel muffler is set as rigid and its thermal parameters (conductivity, specific heat, convection 

heat transfer coefficient, radiation heat transfer coefficient, etc.) were set based on published 

standards and are not listed here. 

The initial temperature for the two inlet pipes (pid=10 and 11) and outlet (pid=12) in Figure 18 
(a) are 550°C, 574°C and 543°C respectively. A non-slip condition was given to the fluid boundary 
and LES was selected for the turbulence model.  

(a) ICFD fluid surface mesh    (b) solid element mesh 

 

Figure 18 Assembled mesh for heat conjugate muffler flow in the CAE model 
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Figure 19 FSI process in conjugate heat transfer CAE model 

2.2.2 Results 

Figure 20 shows the correlation of CAE vs test with respect to mean pressure at the collector 

location shown in Figure 17. The CAE result and the measurement agree well in profile and the 

peak error is <2.5%. Figure 21 (a-b) show the CAE predictions of flow field and muffler surface 

temperature distribution.  

 

Figure 20 Correlation of CAE vs test with respect to mean pressure at collector location 
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(a) Fluid field    (b) Temperature contour 

Figure 21 CAE conjugate heat transfer results at T=0.17 s 

 

3. Windshield Buffeting 

 

The objective of this work was to develop an FSI model to help judge if the window and roof of a 

MUV failed under aerodynamic loading from a certain wind speed. 

 

3.1 CAE model set up 

 

Figure 22(a-b) shows the assembly CAE meshes (ICFD fluid surface mesh and solid element mesh) 

of the primary steel frame (pid=10005) of an MUV with a glass window (pid=10003) and steel 

roof panel (pid = 10004). The initial wind speed at inlet (pid=3) is 80 mph. A non-slip condition 

was given to the fluid at the solid surface (pid=5) and a full-slip condition is given to the fluid at 

the floor (Pid=4). An atmospheric pressure of 1 mmHg is set at the outlet and lateral boundary 

(pid=1, 2). The steel frames were fully fixed at the joints to the underbody level as shown in Figure 

22 (b). 
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(a) ICFD fluid surface mesh     (b) Solid element mesh 

Figure 22 Assembled mesh for windshield buffeting in the CAE model 

3.2 Results 

Figure 23 (a-b) show the CAE predicted flow field and effective stress contour at the 80 mph wind 

speed. Figure 24 shows the displacement profile calculated at the centers of the window (point 

A) and roof (point B). No structural failure or detachment occurred in the model.  

(a) Flow field 
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(b) Effective stress contour 

Figure 23 CAE results under wind speed = 80 mph 

 

 

 

 

 

 

 

 

Figure 24 Displacement profile calculated at the centers of the window (point A) and roof (point 

B) 

 

Conclusions 

Three FSI work by using ICFD solver from LS-DYNA® were presented in this paper:   

(1)  Gear box oil flow driven by high spinning speed shafts with three gear box positions 

(00, 150, 400) and two spinning speeds (1060 and 3320 rpm) was considered. The CAE work 
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was to predict if oil in the gear box leaks out of the fuel hole. The CAE results completely 

comply with the test data. 

(2) Thermal flow in muffler. The CAE results are in good agreement with the corresponding 

tests with respect to (i) flow rate data under constant temperature, and (ii) conjugate heat 

flow rate.  

(3) Windshield buffeting is set up to explore if window fails by wind force. No structure failure 

and detachment is found. 
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