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+ Simplified based on the geometrical difference of the pillars

Model Size (1/20 scale)
210 (L) x 80 (W) x 65(H) [mm]

Unstable model

Low stability vehicle

Smooth
rear pillar

Angular front pillar

High stability vehicle | Stable model

Angular
rear pillar

Smooth front pillar
!
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As noted, we suspect that the difference of the flow may caused by the front and rear pillar shape.
Thus the simplified models were developed on that consideration.
The model based on the low stability vehicle is called unstable model in this study, that of high stability vehicle is called stable model.
The unstable model have more angular front and smooth rear pillar compared with the stable model, as shown here.



@Iy F 2 E BNk

Numerical wind-tunnel
— Reynolds number:2.3 x 10°
* Inlet Velocity : 16.7 m/s

— Computational Domain
« 11.0L x 9.0W x 7.2H

Sinusoidal pitching oscillation
— Forced pitching motion as input,
resulting pitching moment is investigated

O(t) = 6, + 6, xsin(2ft) 7

Front-wheel axis

Pitch

motion

» Origin 6, : 2.0[deg.]
* Amplitude 4, : 2.0 [deg.]
* Frequency f: 10 [HZz]
— Strouhal Number St =f L/U,: 0.13

Corresponding to the real vehicle response.
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The models are mounted on the rectangular computational domain, with its uniform inlet of 16.7 m/s.
The corresponding Re based on the inlet velocity and vehicle length is 2.3 time 10 to 5.
The blockage ratio of the vehicle’s projected area and the cross section of the domain is less than 5% to avoid the blockage effect.
The strategy of estimating the aerodynamic damping is as follows:
We impose the forced sinusoidal pitching oscillation with its axis around the front wheel, and measuring the aerodynamic pitching moment as a response.
Then we extract the damping contribution from the phase-averaged pitching moment.
The origin of the oscillation is 2 degrees pitch, and the amplitude is 2 degrees, thus the vehicle oscillate between 0 to 4 degrees pitch.
The imposed frequency is 10 Hz and corresponding strouhal number is 0.13, which is consistent with real vehicle.
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Velocity distribution above and behind the model
« Comparison with water-tunnel measurements
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PIV measurement

Particle Image
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Estimation of the aerodynamic damping from the measured pitch moment
- Decomposition of the aerodynamic moment into four components.

.

Mpisen = Co + C10 + Co0 + C30

Contribution of damping
« Sinusoidal pitching angle imposed.

6 = 6y + 64 sin 27Tft Negative: damping

. Coefficients estimated by the least-square method.

Mp@'tch — Cstat -+ C’sin sin 27Tft T Ocos COS 27Tft

Steady Quasi-Steady (Spring) Damping (proportional to the
+ Additional Mass angular velocity)

T 0 P avornged M E -------- Phase-averaged M
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8分
We decompose the pitching force into following four components, which is averaged value, proportional to pitching angle, its angular velocity, and angular acceleration.
Then considering the forced sinusoidal pitching angle by this equation, we can decompose the pitching moment into three part, steady quasi-steady proportional to the sine and the damping proportional to the cosine.
The coefficients are obtained by fitting the equation to the phase-averaged value using the least-square method.


L EvFEB T

BAZSHADIVELITADEES

12% difference 132% difference

Unstable Model Stable Model
Part Cstat Csin Ccos Cstat Csin Ccos
______ (damping) (damping)
JUnderfloor | -26.02x103  2.93x10° | -3.62x10%1 -2418x10% 2.63x103 , :4.06x10°%
Lltunkdeck 1 -226x103 -0.14x 103 L -024x1031 -521x103 -0.61x103 . -117x]1031
I Rear-shield : 12.01x 103  -0.86x 103 1 -0.041 x 103! 5.36 x 103 0.30x10% ! -0.83x 103!
: Roof | 29.63x 103  -0.53x 103 : -0.77 x 108 : 32.32x10% -1.32x10% , -0.71x 103 :
| Base I -1.35x 1073 0.17x10% | 0.019x 1031  -1.25x103  0.14x10% 1 0.015x 10731
IBody _ _ _ ! 194x103 1.01x 102 ! 0.044x103! 4.66 x 103 1.18x 103 ! 0.053 x 103!
Overall 13.94x 103  2.59x 103 -4.53 x 103 11.70x 108 2.33x 10  -6.69 x 103

One to two order of magnitude smaller

Roof\

Underfloor.

Primarily factor

Trunk deck = contributing to different
pitching stability
characteristic between

models Body

A JUHFIE N\ =
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The coefficients obtained are listed in the table.
First, please look at the overall coefficients.
The main difference between the two models appears on the damping coefficient, and which is larger in the stable model.
This result clearly indicate that our expectation of the existence of the aerodynamic damping is correct.
When we look at the contribution of each body part on the overall damping, rear-shield, roof, base and body do not contribute much.
Main contribution is by the underfloor, while its difference between the models are not remarkable.
Thus we can say that main contribution is caused by the flow structures over the trunk deck.
Accordingly, we look into the flow structures above the trunk-deck.
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Cheng et al., 2010, 2011
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Cheng et al., 2010, 2011
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Cheng et al., 2010, 2011
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Cheng et al., 2010, 2011
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« Dynamic yawing motion based on the slip angle

On-road data e CFD model phase[deg]
’ 0 180 360 540 720 900

5 v I —Yaw rate ' 3
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- yaw angle. 7~
5 - @ @ @ l}--- _3 1 LI 1 I | L | M 1 1 1 1 1 1 1 |
Time [Sec.] 5 10 15

time|s]
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解析条件は伊川による蛇行運動解析と同じ条件となっている
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Nakashima et al., Computers&Fluids (2013)
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