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It is necessary to understand
the relationship between a shape and an aerodynamic characteristic

S~

Bluff Body Streamlined Body
Automobile Airplane Re-entry Capsule

Boeing Higher Education 2018 5



Introduction of MSBS &‘““%

It is necessary to understand
the relationship between a shape and an aerodynamic characteristic
Support Interference

Support device
Flow

Wake

Bluff Body

Conventional wind tunnel testing
(http://www.aero.jaxa.jp)

A bluff body has separated flow at the leading edge

It has greater the pressure drag due to the larger wake

In the conventional wind tunnel test,
the model is fixed in the test section by Mechanical support device

It causes the support interference to the flow field
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Magnetic Suspension and Balance System
(http://jaxamsbs.jaxa.jp)

Magnetic Suspension and Balance System (MSBS)
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Introduction of MSBS {{’i@,
R of
» Magnetic Suspension and Balance System (MSBS)
v" Levitate the model by magnetic force and moment
v’ Measure aerodynamic force from coil current
v" Coil current is determined by displacement of the model

MSBS can evaluate aerodynamic force
without support interference

Levitated model in the 0.1-m MSBS

» TU-IFS 0.1-m MSBS

MSBS & Test section

Settling chamber Ay || ey \
———————————— | MSBS Honeycomb \\\ .
I - Honeycomb | Fan \\\ \ Nozzle \ r;)iﬁj"fcf\
| Flow i L0 | B I Nozzk Second throat T \ Xy Seeee \ Lo\
15 e

— — :‘ ‘I, I I ] ’:" Vacuum tank
I - }V] / I - f -
|
| Bery e esh : Buterty valve —

Set up for High subsonic and Supersonic testing Set up for Low speed wind tunnel testing

v" Mach Number 0.5,0.7,1.7 v" Velocity: U =18 ~ 30 [m/sec]

v Reduce the initial total pressure by settling chamber v Turbulent Intensity: 0.4 [%]
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High subsonic and Supersonic For development of an aircraft flying at supersonic speed...

v

2014 2017 2018

We have constructed MSBS
for supersonic wind tunnel -—’—

Near field pressure Winged model testing
measurement system at supersonic

Low speed  For invention of new wind tunnel test technique...
2016

Dynamic wind tunnel New sensing method
test techniques for bluff bodies
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Background ~Cylinder~

» Flow around a Small Fineness Ratio Bluff Body

v Flow separation at the leading edge of bluff body
v" Complex wake structure

v Due to the limitations in the measurement range,
testing of small fineness ratio bluff body were not performed
in the IFS MSBS

Shear layer instability 16 .. - 1 T T T .
r 5;7162 Bubble pumping : §,= 005 _.© Sawada et al.(2005,2008) MSBS ;! . o
m=0;1;2 mode m =0 mode dominant A Roberson(1972)Sting + ¢+
| - @_.Sato (2016) MSBS = _ _ s - vt
1.4 ® Nagake 2017)MSBS: - &+ - 1 o 4
12A_ ______________ i A R R
A L B
T o | 0 5
1'_"'_"__"__I'_".'_'I ''''' T-=-T=- L I‘_':' ________
Chn A9 i e
B AL N G A A A A
___'___'___'___'___'_’_'___'__ __'__'___‘__L _____ |-
, . 0.8 -7 o S
Prax Helical vortex structure . | . | . i . h . i . i .
8720135 L
Recirculation bubbte m=1 mode dominant 0.60 : 055 : i : 1:5 : é : 2:5 : é : 3:5 : 4
L/D

Disk wake structure and coordinate system

(E. Berger 1990) Drag of 3D axial circular cylinders
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» Flow around a Small Fineness Ratio Bluff Body

v Flow separation at the leading edge of bluff body
v" Complex wake structure

v Due to the limitations in the measurement range,
testing of small fineness ratio bluff body were not performed
in the IFS MSBS

Fineness Ratio = L/D 1.6

® Sawadactal (2005 2008) MSBS :

.........................

A Roberson (1972) Sting
Q

¢ , ___.__.Sat0(2016)MSBS____:__;__:___f___:___f___:___f___
| L 1.4 ® Nagake 2017)MSBS: - &+ - 1 o 4

e T

Flow Dt U TR N O T R T O
o 1 . | Qo . | . | . | . | :

L ALl

— O

- R o , P A

L e A g 0]

OB g T

0.8 ~05 1 15 2 25 3 35 4
L/D

Drag of 3D axial circular cylinders
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» CCD line sensor for model position measurement

CCD Line Sensor

Vref

Analog

Digital
Y \ A A >
ny n, ni Ny  Counter Board

Line sensor signal process

Change of sensor output detects the model position
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Conventional Position Measurement Method

‘ Lens and Color Filter

/

Schematic of the IFS 0.1-m MSBS

» Challenges point of the current position sensing method

v" Due to the distance between line sensors,
there is the restriction on the model length that can be measured

v' It is difficult to test the small fineness ratio bluff body
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Line Sensor

D@

Conventional line sensor arrangement
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Establish a new model position sensing method
for a Small Fineness Ratio Bluff Body

» Contents

v How to sensing model position
v' Evaluation of new model position sensing method
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1. Change arrangement of line sensor

Line sensor

<« | | )

Conventional arrangement New arrangement

2. Change marker on the model surface

Without marker With 2 line marker
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z
_ T R Lens and color filter (Blue)
Wiin,1 Vmax1 TRES . —
- +
Winin,0 Vimax,0
Wimin,2 T
vmax,z Small Fineness Ratio
X 4--=-= Cylinder Model
Screen
W, +
max,2 vmin,z
_ I /“ I
Wmax,0 Vi
' min,0 ®
_ + L ‘
Wmax,1 Umin,1 ol d Color filter (Red) | g
Array of sensor elements Lengins Colun BUsc{Rel) |

Image of object
Position sensing system on the 0.1-m MSBS

Object image and arrays of elements on a screen

v" The model position information (I, V, W, T, P) can be given as combinations of
the boundaries of the model image
v" 4 line sensors for detecting model position (x, y, z, 6,1)
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» Position Information by Line Sensor
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A z Wr-:zax,o - w;tin,() A z T?J'.'Ef?n'fu
1 1
_ : i I . |\ ! :
Wm in,0 I | : Wmax, 0 : U !
I | e —_— l l Average of the model size
| I ; I U : n - ¥ -
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Model image on x-z screen 2
Lens and color filter (Blue)
p
» Position Information by Line Sensor
2 W+ L — W '+W+' L — W ,
V( ) _ max,t min,i min,t max,t
YP ixel) — ) Small Fineness Ratio
i=0 Cylinder Model

Screen

v The model position (y, z) is given by the size of the model image

(p X

X & ¥

The model position (x, y, z, 6,1) is obtained as displacement of Lo anfiClcciliaced)
the boundary of the model image (U, V, W, T, P)

Position sensing system on the 0.1-m MSBS
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Evaluation of new model position sensing method

L/D =1.44
Cylinder Model

Maximum displacement [mm,deg]

X y Z 0 \
0.009 0.073 0.051 0.058 0.073

At no wind situation, position variation is less than 0.1 [mm,deg]
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Evaluation of new model position sensing method
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L/D = 1.44 SRR SRR NI SRR RS

...............................................
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Cylinder Model ] 2

Time [sec]
Position data without wind flow

Maximum displacement [mm,deg]
X y Z 0
0.009 0.073 0.051

1}
0.058 0.073

At no wind situation, position variation is less than 0.1 [mm,deg]
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The position method of a small fineness ratio bluff body
In the IFS 0.1 - m MSBS Is developed

v" In the proposed method, the model position (y, z) is calculated
from the size of the model image

v" Position variation is less than 0.1 [mm,deg]

> Future work

v" Evaluate the aerodynamic characteristic of a small fineness ratio
bluff body by new model position sensing method
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