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Abstract:

D–SEND is a project to demonstrate a low sonic boom aerodynamic design concept. In the #2 part of this

project, the flight test was conducted at the Esrange Space Center in Sweden. Three Boom Measurement

Systems (BMSs) were set up in the Zone-B flight test area. A BMS comprises a series of microphones attached

to the mooring cable of a blimp to record the sound of the sonic boom generated by the test vehicle at various

heights above the ground, and associated ground support facilities. The vehicle is lifted to an altitude of 30

km suspended vertically from a balloon, and separates when it drifts to within a given distance from any

one of the BMSs. After separation, the vehicle’s onboard flight control computer selects one of the BMSs

as a target according to the separation point. The vehicle then autonomously flies to the selected BMS and

establishes prescribed sonic boom measurement flight conditions in its vicinity. Since this controller uses a

detailed mathematical model of the vehicle, it is quite important to evaluate the accuracy of the mathematical

model. The aerodynamic coefficients and their uncertainties are estimated, and they are compared to the

aerodynamic model for the controller design.

Keyword: Flight test, Aerodynamic Coefficient, Estimation

D–SEND

2 D–SEND#2 30 km

(BMS)

CFD

( )TLM

( )x, ( )y, ( )z

α, β

*1 (Aeronautical Technology Directorate, Flight Research Unit)

*2 (Aeronautical Technology Directorate, Aviation Systems Research Unit)

*3 (University of Tokyo, Graduate School of Engineering)

*   2021 年 7 月 27 日受付 （Received July 27, 2021）
*1  航空技術部門 飛行技術研究ユニット （Flight Research Unit, Aeronautical Technology Directorate）
*2  航空技術部門 航空システム研究ユニット （Aviation Systems Research Unit, Aeronautical Technology Directorate）
*3  東京大学大学院工学系研究科 （Graduate School of Engineering, University of Tokyo）

D–SEND#2 の飛行データを用いた不確かさを含む空力特性の推定

二宮 哲次郎 *1，牧野 好和 *2，石川 敬掲 *2，苅野 秀和 *3，矢入 健久 *3，冨田 博史 *1

Estimation of Aerodynamic Coefficients of D–SEND#2
with Uncertainty from Flight Data

NINOMIYA Tetsujiro*1, MAKINO Yoshikazu*2， ISHIKAWA Hiroaki*2， KARINO Hidekazu*3，

 YAIRI Takehisa*3， TOMITA Hiroshi*1

ABSTRACT

Keyword: Flight test, Aerodynamic Coefficient, Estimation

概要

This document is provided by JAXA.



D–SEND#2 2

δe, δa, δr

ω

a

Fa

Ma

M

b, c

Cl, Cm, Cn

CL, CD, CY

I

Ixx, Iyy, Iyy, Ixz

L,D, Y

lx, ly, lz

m

p, q, r

Q

S

ADS Air Data Sensor

D–SEND Drop test for Simplified Evaluation of Non-symmetrically Distributed sonic boom

JTAS JAXA-Tohoku university Aerodynamic Simulation

RANS Reynolds-Averaged Navier-Stokes equation

1

D–SEND 1)

D–SEND#1 #2 D–SEND#2

, 30 km

D–SEND#2

2013 2015 2 2015 D–SEND#2 2

D–SEND#2
2)

3), 4)

D–SEND#2

1.2–1.4 1.39 1.3

5)–7) 5)

6) NASA

7)

CFD

2 宇宙航空研究開発機構研究開発報告　JAXA-RR-21-001

This document is provided by JAXA.



D–SEND#2 3

D–SEND#2

CFD

2 3

4 5 CFD

6

2 D–SEND#2

2.1 D–SEND#2

D–SEND#2 1

3 1

2 D–SEND#2 ZONE–B

ZONE–B

1: S3CM

1:

7.68m∗

3.51m

4.89m2

1.91m

1 000 kg

∗

(BMS)

1km)

GPS
30km)

1.3
50

2: D–SEND#2

D–SEND#2の飛行データを用いた不確かさを含む空力特性の推定 3

This document is provided by JAXA.



D–SEND#2 4

30 km

(BMS) 0m/s D–SEND#2

2

BMS BMS

CL

CD

2:

No [s]

1 0.00–33.96

2 33.98–69.96

3 69.98–96.26 BMS

4 96.28–108.66

5 108.68–123.26 BMS

2.2

CFD

( )

3

2.3

20

3 α

Appendix A

3

3.1

a =



ax

ay

az


 =

1

m



Fax

Fay

Faz


 (1)

ω̇ =



ṗ
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