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Wind Tunnel Tests for ALFLEX
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ABSTRACT

For the development of the ALFLEX vehicle, it was necessary to estimate its aerodynamic
characteristics before as accurately as possible, since they were essential for the design of the control
system loaded onboard. To meet this requirement, six wind tunnel tests were conducted using
several models of different sizes. In addition, two wind tunnel tests were conducted in the final stage
of development to confirm the performance of subsystems or to check the result of the improvement of
a subsystem. In this paper, these eight wind tunnel tests made at three organizations employing four
wind tunnels are introduced along with the aerodynamic characteristics of the ALFLEX vehicle

estimated in those tests.

1. Introduction

Since the ALFLEX vehicle has no intrinsic
stability in itself, artificial control is indispensable for
stable flight. The control system is, therefore, the
most important system of the vehicle. Against this
background, it was necessary to estimate the
aerodynamic characteristics of the vehicle and the
hanging equipment as accurately as possible, for the
design of the control system. To fulfill this
requirement, a total of six wind tunnel tests with scale
models of different size were performed for collection
and verification of the aerodynamic data. There
were two additional wind tunnel tests, which were
conducted to confirm the performance of subsystems,
and to find the reason and countermeasure of a trouble
found in the domestic constrained flight test. The
outline of the wind tunnel tests along with the
aerodynamic characteristics estimated by them are
introduced below.
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2. Wind Tunnel Tests

For the development of aircraft, the
aerodynamic characteristics are determined in wind
tunnel tests before any actual flight tests are carried
out. In the development of the ALFLEX vehicle also,
many wind tunnel tests were conducted during its
development (Table 1). Some of the findings, such
as the primary low-speed wind tunnel test” or the wind
tunnel test for basic aerodynamic data acquisition (Fig.
1), were typical of conventional aircraft, but others
were unique and noteworthy because they were
designed specially for the ALFLEX project and
included some new concepts. The latter includes the
secondary low-speed wind tunnel test”, in which a
robot manufactured for industrial use was utilized as a
model support tool (Fig. 2), and the wind tunnel test
for aerodynamic characteristics verification, in which
operation of the parachute or dynamic stability of the
vehicle were examined using a scale model. Making
use of the ability of the robot model support system to
change the position and attitude of the model easily,
both static and dynamic ground effects were realized
efficiently. Another example of the wind tunnel test
which reflected the uniqueness of the flight test
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Fig. 1 Wind tunnel test for basic acrodynamic data acquisition

method of the ALFLEX vehicle was the wind tunnel
test for verification of hanging characteristics”. In
this test, a model, which was constructed similarly to
the actual vehicle in both statically and dynamically,
was hung in the test section of the wind tunnel (Fig. 3),
simulating the state of the ALFLEX vehicle hung from
the hanging equipment. The dynamic stability test
for the hanging equipment and the vehicle were carried
out, and then the performance of the control law was
examined by making the vehicle model maintain
balance under the domination of the control law.
These wind tunnel tests were designed for use in
ALFLEX, but the new engineering methods included
in them are expected to be applied widely to other
wind tunnel tests in the future.

Besides these wind tunnel tests for estimation of
the aerodynamic characteristics of the vehicle and
hanging equipment, there was another category of
tests, which was found to be needed during the
development of subsystems; they were the wind tunnel
test for verification of air data system (ADS)
performance, which became necessary after the ADS
was developed, and the wind tunnel test to investigate
cable flutter of the mother helicopter system. The
Fig. 2 Ground effect test with robot model phenomenon of cable flutter was first observed during

support system the domestic hanging flight test.
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Fig. 3 Wind tunnel test for verification of hanging characteristics

3. Estimated Aerodynamic Characteristics
of the ALFLEX Vebhicle

The ALFLEX vehicle had a pair of elevons, a
pair of rudders, and a pair of speed-brakes as control
surfaces. Although much data regarding the
aerodynamic characteristics of the vehicle and the
hanging equipment was obtained in the wind tunnel
tests cited above, only the most important data is
shown below. They include the basic characteristics
in longitudinal and lateral directions, effectiveness of
control surfaces, and the ground effect characteristics.
(1) Basic longitudinal characteristics

The lift, drag and pitching
characteristics of the vehicle in the basic configuration
are shown in Figs. 4, 5 and 6, respectively. Fig. 6
shows that the vehicle has its intrinsic stability in the
longitudinal direction (Cm,, < 0) only in the restricted
angle of attack region..
(2) Basic lateral and directional characteristics

moment

The side force, yawing moment and rolling
moment characteristics of the wvehicle in basic
configuration are shown in Figs. 7, 8, and 9,
respectively. As Fig. 8 shows, the ALFLEX vehicle
has no intrinsic directional stability (Cng > 0) in itself.

(3) Effectiveness of control surfaces

Since the ALFLEX vehicle could not fly stably
without being controlled, it was necessary for the FCC
(Flight Control Computer) to operate the control
surfaces during its flight. The effectiveness of the
elevator, rudder and aileron are shown if Figs. 10, 11
and 12, respectively. It was confirmed that the
vehicle could be well trimmed with operation of these
control surfaces.

(4) Ground effect characteristics

The static ground effect characteristics obtained
in the secondary low-speed wind tunnel test are shown
in Fig. 13. In the figure, h is defined as the distance
between the ground and the (estimated) position of the
aerodynamic centre of the model.

4. Concluding Remarks

The eight wind tunnel tests conducted in the
development of the ALFLEX vehicle were introduced.
It i1s apparent that these wind tunnel tests, some of
which were carefully planned and others which were
done to answer questions that unexpectedly came up,
contributed greatly to the success of the automatic
landing flight experiment. The outcome of the wind
tunnel tests, which were conducted with new
engineering in equipment, models, and model support
system, are expected to influence wind tunnel
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techniques of the future.

References
1) Shigemi, M. et al.: “Low Speed Wind Tunnel Test
for 8.9% Model of HOPE ALFLEX Vehicle”, NAL
TR-1215, 1993 (in Japanese).
2) Shigemi, M. et al.: “Experimental Investigation of

CL

P
K

05 DEF‘

30 40
. o(deg.)
Fig. 4 Lift Coefficient

200 -10 0 10 20

0.6

CD o

0.5 ;
0.4 L
0.2+ —x

o1 J:qh

20 -10 0 10 20

30 40
o(deg.)
Fig. 5 Drag Coefficient

Static and Dynamic Ground Effect on HOPE
ALFLEX Vehicle”, NAL TR-1236, 1994 (in
Japanese).

3) Yanagihara, M. et al.: “Suspending Wind-Tunnel
Test for the ALFLEX vehicle”, NAL TR-1306, 1996
(in Japanese).

0.03

0.02

0.01 r
0 i £

0.01 'ﬁf

0.02 :
20 10 0 10 20

30 40
o(deg.)
Fig. 6 Pitching Moment Coefficient

Thic dociiment ic nrovided hv TAXA



Proceedings of the ALFLEX Symposium 149

0.15 T T 1
; 10|° L

Fig. 7 Side Force Coefficient

0.03 T
Cn .10
0.02 B + 1
0.01 N :
0-
-0.01 + o JE
i
H H
002 ? 4
10°
0.03
-20 -10 0 10 20 30 40 -10 - 0 10 20 3
o(deg.) a(deg.)

Fig. 8 Yawing Moment Coefficient Fig. 11 Rudder Effectiveness

0.1 T
i
Cl ACl | o @
0.05 Ia':'%:';':&;':-:-g,‘ ~$§iﬁg \%1.
005 o
......._.*-.-..-A’:—--'. 00..".
--m--@--m--@-- oea-ﬂiﬂia
0 (S W S WO
00200086000
° ? e ?M-@:&%og
005 i L =208
-0.05 a i
i
|
0.1 I T
. -10 0 10 20 30
20 10 0 10 20 as(odeg.d)o o(deg)
Fig. 9 Rolling Moment Coefficient Fig. 12 Aileron Effectiveness

Thic dociiment ic nrovided hv TAXA



SPECIAL PUBLICATION OF NATIONAL AEROSPACE LABORATORY SP-39T

150

J0C=0 --Nh--
Ol =0 cma——
qq
14 €

W=V .-
=0 ___m ..
OI=D __g

[4 I

8= L OQaee- ueds Sum :q
p=0 J[OTYAA JO 21U JIUIRUAPOIIE 0} punoig woij QueIsIp [y
A 10apg punoin onels €1 ‘3
0=0 o0= 9%Q ‘0= JQ ‘o0~ R
a9 M
0 b € z I 0 ¥ € 4 I 0
100- . A . 0 . : . o

— $00°0-

---1-500°0

&L+ 100

— S10°0

w)

00

e--iﬁ.---¢...o..e..ée

b:-b:-b-bub-bbbop
......... - 20

ao 10

€0 ¢l

Thic dociiment ic nrovided hv TAXA



151

Proceedings of the ALFLEX Symposium

S1S9) [oUUN) PUIA, ' S[QBL

153) K)1[Iqe)S OTWRUA( <
159) 199J2 pUNOID <
yuourfodep
anyoered ay) UO M JO 199J9 JO UONBOPLIAA <

JUSIOLJA0D ANIGE)S

JTUWRUAP SUTULIdIAP 0] AJ[IqeIs
orureuAp uo ejep axmboe 0], <

‘9nyoered Jo SONSLISIORIEYD
reuonerado AJLISA O <

‘uawdmba

Surduey Jo sonsuI)oRILYD

Jo112 uonisod aqny 1031d JO JUIUWDINSEIN < orureuApolse axmboe 0, < UONEBOLIA
/1 yuswdmba SuiSueyy "7 1591, uauroydurod so1
Q[OIY2A JO 1S9) SONSLID)IRIBYD JMUIBUAPOIDY < 0} 103° punoid axmboe o] < [ouuny -)SLIg)ORIRYD
[opour yuswdmbo "‘uoneIngyuod [euty Ay} Yum %801 pum STUIRUApOISE
onueuApOIoR SurSuey Jo 159} SONSLI2ORIRY) STWEBUAPOIAY < 9[OTY2A AV} JO SOTISLIORIBYD » $661 924 paads-moj 10 159}
pIrq) uonem3yuod [euly 3y} 10§ 1S3} UONBOGLISA < OTUBUADOIJE 9Y) AJUOA O < | %6 b1 -£661 9°d THA [ouun} purp ‘v
POPUDIXS ISQUINU SPJOUATY JO SFUBI M uonismboe
pue poppe SULIOJ dxe1q paads Mou (I Blep | elep
1591, 9191dwod 0} Juswour 93Uy JO JUSUWIINSLIA] < ‘ugisep Areururroxd a1y [ouun) STUIBUAPOISE
[opou Suurey 1808 Surpue] JO 19959 JO UONEOILIDA < | UI PAUTULISNOP Sem yorym ‘adeys pum J1SBq
STWEUAPOIDE adeys poAoxdurt yim [opour Suisn paads-moj 10J 159)
puooas | Suim/Apoq Jo UONEdJTpoul JIS)JE 1S3) UONBIJLIDA < ejep onueuApoIoe aAmboR O] < | %6 ¢1 €661 Sny HA [ouun) purp €
[opou 159) 19339 pUNOI3 SMUIBUA( < 1591
JrureuApoIse 159 19939 punoid sNels < "WIISAS [ouum) [ouun) purm
piny) wo)sAs poddns japour joqor £q poddns [opour 2d4) yoqox Suisn €661 INf puim jsng paads-mo]
o) Juswapddns | sonsus)ORIRYD SMUBUAPOIE JISEQ JO UOINSIMbOY < 1092 punoiIg 2INSedW 0], < %68 -€661 unf TVN ATRpU02aS "7
(324®] ArepUnoq jo
uoneredas / UONISUBI]) P[A1} MO[J JO UOTIBAISSGQ <
uonngusIp 21nssaxd Jo JUSWAINSBI <
Jusurowr 23Uy JO JUSWIMSEIA <
(ssauaAnoage
[opour 20BJINS [OIIUOD / SONISLISJORIRYD [BJUSWIBPUTY) 159 [ouun)
osnureuApoise 159} SOTISLISJORIEYD OIBUAPOIR JISeq < [ouum) pumm
181 PIS MO[J ITE 91} UO UIS)SAS ‘ugdisap Ioj ejep €661 1dy puim isng paads-mog
JAreurwinpord | Suns Pyrysayeur Jo 193[59 9y INOGE UONBIYLIR]) < orureu£poiae diseq axmboe o, < %68 | -€661 TeN TVN Areurud ‘|
HIVOS aordad agsn
>Dvaaddd SIWHLI LSHL d4S0ddNd "THAOW LSAL ATDVA | JINVN LSHL

Thic dociiment ic nrovided hv TAXA



SPECIAL PUBLICATION OF NATIONAL AEROSPACE LABORATORY SP-39T

152

(ponunuo)) siso) [dUUN} PUIAy [ 9[QBL

‘)1 Jsurege S2INSLOULIDIUNOD (3z1s wo)sAs
JO SSOUAIIRIJR Y} AJLISA 0] pue [emoe jo 191doorjay
SS2UJSNQOI ST JO UOTIROIJLISA ‘syuaurtadxa WS1[J paurensuod [epouwt [ouun) Jayjour jo
PUE 2INSBIULIAUNOD )S3q A} JO uonesyoads <« J1)SAWOP Y} UT ISIXD pue pum 1onngy 2[qes
pasorduro saInseaunIa)unod 0} uaaoxd sem yorym ‘yuswdmba sued paads-moj 9)egnsaAul
JO SSOUDATIIVND 1) JO UONIBOIJLIDA < aseajal jo uouswouayd [enjoe) azis ag1e] 01 159)
UOTIR[[19S0 I0J 159) ouereaddesy < UOTIB[[I9S0 3} AJUR[O O < | %001 9661 @4 | TYN [ouun) purp ‘g
soueuLIoyad
(Sav)urdsAs
[ouumn) Blep Ie
159} dooms o[duy < pum JO UONBOIJLIdA
159) oNeIS < 'SV Jo wur ojqesojdurd sav poads-moj 10J 159}
UONIPUOD MO[J JO UOTJRULIGUOD) < pue £5eIM9oR AJLIAA O], < [enjoe S661 AR HWN [ouun) purp ‘L
"t 159 L, 9191durod Surduey
uoneryioso A je u) @ - 0} uonjeurquiod jusurdmba [ouun) ur A)[iqels
[opout UOTE[[I3S0 @ Je ur)- Suruey/spomyaa pue juswdmba puim onueuAp
JIUIBUAPOISR UONB[I9s0 ¢ 18 u) pue [)- Suiduey Jo SjudIOIJo00 6661 TN paads-moj 10§ 159)
pInp ‘urmseaur 10§ 153} K)IIQe)s dMueuA( < A)ITIqe)s orureu£p omsedw o, < | %80l | -¥661 AON [HA [ouum purp ‘9
159) PaUIBIISUOD WOPIIIJ JO SIAIFIP 2AL] <
159) uonesdaur juswdmba SurdueyppPNyoA <
159) Juawdmba Suifuey <
[1s21 orwreuAp]
surd)sAs poddns [opowr
Jua1aTp 0M] Fuisn s)msal Jo uosueduwo) < So1
10112 uonisod aqmy jo3id Jo uonenfeAy < "durduey Junmp Aqqe)s ‘Jouun) -JSLIS)ORIED
[opowt UoneUIquUIOD 1191 1S9) 0] pue UOIBUIqUIOd $661 "AON pum Suiduey
STUBUAPOIOR 1o pue juowdmba Surduey ‘oponyea 1o} pue yjuawdinbs Suruey -p661 'dog | paads-mo[ | Jo uonesyLA
pary) 3} 10J BJEp OTUIBUADOISE OTE)S JO UONBOYLIIA < “S[OTY3A 3y} JO SONSLISJORIBYD ‘v661 'IN[ | ozIs o31e] 10§ 159}
0) Juourajddns [1s91 anje)s] OTWEBUAPOISE AJLIDA O], < %0t -p661 unf TYN [ouun) puipy ‘g
HIVOS aorddad asn
>DvaddEd SWHLI LSHL HS0ddNd "THAON LSHL ALI'OVA JANVN LSHL

Thic dociiment ic nrovided hv TAXA





