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Flow Velocity and Heat Transfer Measurement in Rotating Cavities
by using Image-Processing Velocimetry
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Flow Visualization, Particle Image Velocimetry, Gas Turbine, Rotating Cavity, Heat Transfer

Abstract

This study experimentally deals with flow and heat transfer in low-pressure turbine section of mod-
ern gas turbine engine. Flow visualization and heat transfer experiments were performed in both sta-
tionary and rotating conditions. Two-dimensional flow velocity field was measured using Particle
Image Velocimetry (PIV). Two kinds of Reynolds number were employed as dimensionless para-
meters: the through-flow Reynolds number, Re,, and the rotational Reynolds number, Re. The flow
and heat transfer of disk surfaces in rotating cavities were investigated for combinations of Re =0,
3.0x10* and Re,=450, 1800. The results clearly showed that the monotonic decrease tendency and the
formation of the local minimum in the local Nusselt number distribution corresponded to the radially
outward flow near the disk surface and the suction flow induced by a pair of vortex in the cavity, re-

spectively.
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The Fan Driven by High Pressure Tip Turbine

Al R g HRM R EHgE

IWASE Shiki SAITO Yoshio MATSUDA Yukio

==K :av75HRs—FR T 7Ty, FoTIY—Yy, IR —T 7, EHBEEEE
Separated Core Turbofan Engine, Tip Turbine, Cluster Fan,
Vertical Take Off and Landing (VTOL) Airplane

Abstract

A new concept turbofan engine based on the idea of the “Separated Core Ultrahigh Bypass Engine”
for small light aircraft and VTOL airplanes are presented. The concept engine called “Cluster Fan En-
gine” comprises two subunits, core engines and a cluster of small fans, and has many merits including
reliability of operation, flexibility of mounting, maintainability, extremely low development costs and ini-
tial costs, and wide variety of potential applications. As a result of cycle analysis of the Cluster Fan En-
gine, it is confirmed that bypass ratio of the Cluster Fan Engine reaches to about 7. The small fan,
which is one of the subunits of the Cluster Fan Engine, employs conceptually quit new tip turbine as
driving mechanism to reduce weight and cost of the fan and avoid complexity. The tip turbine called
“Single rotor blade row with multi stage tip turbine” has three stages in the circumferential direction
of the turbine rotor. To ensure the practicality of the new tip turbine, a test model is designed and
tested. The first operational test has been completed successfully, and the functionality of the new tip
turbine was confirmed.
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TBC KIS P ERERIC RIS T RZEDOEBRIIBG

Experimental Investigation into Influence of TBC Surface Roughness
on Heat Transfer Coefficient

BAR HAT

SUZUKI Hideto

Rl BEE

KOJIMA Yoshitaka

A%

KUBA Shunichi

=

TSUNEYOSHI Yuzo
X —TJ)— K ! Gas Turbine, TBC, Heat Transfer Coefficient, Surface Roughness.

Abstract

Thermal barrier coating (TBC) surface roughness of gas turbine hot parts changes with increasing
operation hours. This change in roughness will exert influence on heat transfer coefficient. The influ-
ence of surface roughness change on heat transfer coefficient was experimentally determined using
TBCs with four kinds of surface roughness. It depends on Reynold's number (Re) . There was clear in-
fluence at the test condition, Re=1.68 x 10°. The specimen with the roughest surface has biggest heat

| FfaRs —

transfer coefficient. On the other hand, there is no big difference at the condition, Re=8.8 x 10%,

1. ¥8
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1 IZFEBRIZH W2 TBC BEF 122V TRT .

BB THAMIR L, EREIERENDHEF
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Fig. 1 Specimen
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Table 1. TBC Surface Roughness

Average roughness, Ra (um) .
Type-1 | Type-2 | Type-3 Location
As spray| 1 (Standard) 8.7 83 8.0 A
2 11.2 - -
Polished 1 - 4.0 - B
2 - - 29

HHERRERBETEL LI,

2.2 EBREBRUEHAIAZE
EBREBEBOMEZR 2 TR T, R1ITRL7Z2 TBC#H
ERFr % 5 ¥ 180mm, WE120mm O JRH O gz il L,
’BC%@H%%C@EW%%TW%,WM®@ﬂﬁ%

CRHBCOERE XML TEHHEAL, tIIv 7 BRET
&b%chiﬁmEﬁﬁ%ﬁ—%bb—ﬁ(mmz
B, REE 10.1C) THIE L7z, M, HERI3RME
EMLE L, FHABRRCIE OB IR T
BEIMNCL VY —FE ML —VOREZKELE GHIRE
#0.5CURN). T/, FREREEILX, BN LEOKE
POl BV & W TEREI L 720

Specimen Nozzle 4:1

Fig.2 Experimental Setup

F2ICEREGETRT, Type-1~30HBH £ TIC
L, EFRMOL AL 2V XH % Case 1 (Re=1.68 x
10°) % UFCase 2 (Re=8.8 x 10*) @2 #— 2 TEE%
"ﬁ‘of:o

Table 2. Test Conditions

Case 1 Case 2
Temperature °C 88.3~94.9 85.4~88.8
Mainstream Velocity m/s 100 54
Air Total Pressure |kPa (abs) 113.8 104.9
) Reynolds Number] - 1.67~1.69x 10°] 8.60~8.95x10%} -
- . Temperature C | 124~135 12.9~13.5
C‘fit"g Velocity m/s 62 62

Static Pressure |kPa (abs) 103.0 1030
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Fig. 3. Heat Transfer Coefficient (As spray 1)
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Fig. 4 .Heat Transfer Coefficient (Re=1.68x 10%)
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Fig.5 Heat Transer Cefficient (Re= 8.8 x 10%)
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NiZh Do BIZERD MR L Schmidt DRICE
C—%L, BAKE (G0~70%) ¥ CRBmAIMERT S L
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Rolls-Royce/Ladish i&, U720LI X Y i i EE25C D[]
FERER L P/M &4 RR1000D BEFS & §& 5 2L LT F7
WOBR %% L7 Allvac i3, Inconel718DE AT
Waspaloy U Lo+ H 35 5E80F 2 HwEL 7.

1.4 Blade Alloys

GE/Honeywell 7» 5 1%, HiidE&4 PWALS4IIBI)
LEFA 2 VIES (HCF) #EOREEKFEEOH#HE
WBRAREN, 7Y —7& HCF L OEHEZE L7
Goodman #E O EH % Eize ONERA 225 1%, H
R O—F 4 v ZHMIZ%ET B Secondary Reaction
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Zones (SRZ) M AR IC BRI T HEBOPFEE R
JREN, SRZ OELEXBINMBEROBITHE Z

L AEE SN, Cambridge KFED 53, 453 LKL
a4 RR2100 & 46 4 MR B 5 & 4 RR21010D 2 1) —

TREAE ROHRBIR 2 5 E L SN, RuBMoMiL
TEENBEAHE Sz, Michigan KF20 51, BEY—¥Y
VTV — FOEHILA TBC O L2 o bFFEICMITTE

B7OVA L —HF—Hiffi, RuBhE%5.7~9.Twt% 2L s

B-EBRESOMMBISERI RE SN, £/, =%

ETENISI, BEHIT Y- UBENE4E MGA1400,
BEMNA 4 MGA240012B T 2 #FHdos ik S iz,

1.5 Disk Alloys

Imperial K% EH 5%, IN7187 4 A 7 M OEALHE
TAPCEETIREL N ETMEL, EBREOMHE
ERELLERISRE SN, NASA 22513, FHH%E
@ P/M &4 LSHR 22w T, Dual Microstructure
Heat Treatment (DMHT) . % Bl % LA MRFEI 2 17% -
TR RS S /s, Michigan Ffi K%#/P&W 22 513,
P/M &4 IN1000 5 | BREFME % &5 b 48 7 & O MR 1
PEEZTCTFHTLZEFVIRE SN, P&W/GE &
513, HO'EPM 7u 23 20HR I, PMESE
KM4, SR3DEZMILLA: L ML, BEOMMRIZONVWT
HEM e shiz ‘

1.6 Mechanical Behavior

Cambridge K#F7%-E» 5 1%, BiEMSE4E CMSX-4,
10, TMS-75, 82+ DKRBIE NI GEHETTOI V=7
BREABFHRE SN N4V BAM 22513, BiEHE
4 CMSX-4, 100FERMBISBNFEHET TO T 7 MEEE)
IZHOWTOEENRE INT2. B 5, —HHEEH
&4 CMI186LC, HiERAE4S YH61O M2 Y — 74k
DFERF AR OREHERIR SN2, NIMS 5
i, HEESA4 TMS-75, 82+ R#ICoOWT ¥ R
% 0%~100% % TEAL & &, MMBRL 7Y — THE
RRELERIRENT. T2, AL NIMS 225
TMS-75, 82+ O H R ¥— ¥ ¥ & ik Bk (400~
900T) TOBIEHEMIC OV TIEN Sz, NASA
EhHld, P/M &4 Alloyl0% FEH 24405 Nb,
Ta, Co RHMFLM2 LS ¥, AREEEELRE
L7 RAR E Nz KREBMET»SHE, P/MEE
IN1000 2 HE A IC RITTEZEEORBENHRE S
72, Tennessee KF7% E» 561, Hastelloy X O
A 7 VIEFTBEEIC RITTRFRH OREFHE SN,

1.7 Processing o
Michigan A% /Oxford k% /GE % &3, EHEAAR
HAY—¥r—huREROMETILAL LTHEE
48 & LTH V72 Liquid Metal Cooling {22\ THidy
W Ehl, NASA DS, EEOKIBRERZ T
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LT BT IRBENOREIZOWTHREND - 72 BE
I L D IN-718% Mar-M247TB DR FHEEZ1ES D
DT, TiAl &4 %8 Exhaust Nozzles 7z & DL AT B
THhbELTWwWAB, Volvo iz Eh 5, IN939# B £
800mm DHEHEXEBEEY ~EH L B0 HE s i,

EEBHHEREE, P/M A4 Rene' 95D ATHAGR BT
FEBNEYPEEY RIZTTIL ZEBRHIL TV 5,

1.8 Coatings & Environmental Effects

GE 25 i%, #lEfka—5+ v (TBC) DEEME
GE 28T % TBC Y A7 A DOBREMAHRE S,
WA/NIMS »51%, Ir ZDK Y Fa— FEARSREA S
h, PIALRORBEDLWEETDH B L WO MESR I,
Oak Ridge EINLBFZEHi 4 & ix, B-NiAl ~o Pt, Hf i
X BB IEEmE, BIY+Y a—54 271
&% TBC H#HERE LR L& Shiz, Pittsburgh X%
PoiE, TVIFHERE, 7uITERELEEECS
IOV TAEREHARAT, 700~1100T THOMAL2EEY
ARG S,

1.9 Modeling & Simulation

Thermotech/Sente Software 7> & 13 # ) FH5EtE
BN— UL RHERR, EREFVEMAGDE TR
WHHE, MENBELZ L2 TFHT L0y =YV T b
JMatPro 8B AddH o 72o NIMS 2 EH 5, FHT
DEERSLETAI—C UV EREBEEZANTHEZET
- rahE, COMBMERT L — FHEMZ EHHEIC
HETEDIN—F X AHRI—E VY RAFAIIDNTH
E% 8/, Oak Ridge E . BF 2 7 / British Col-
umbia K#H) 5%, F—FHEFHELHAVTN FOES
ENFROWNBBREERDDLZ LT, BEFYH AL XTikHH
TERVWEBEHLZHEBTEL L) BEN SR,
QuesTek Innovations/Northwestern K%, XZeEM%

Fhbid, £di2y o% A4 X, hEEK, APBI i
FeR—R/ZR/ZR Y HHIRE, HEREELREPD
WBHEFPATHEFNVERBELLERNRE SN,
Imperial KZ»51E, ¥4 A2 BB IcowT 21 —
THEHFGL 2 V=T Hh— T2 TFRT AR Lo
RPHmEIN, ZECTFYTA»SIE, Waspaloy B
=70y 7s7a—- VIR EEFVELL, ASTM
= 1 OBEORBR FENCEII L FlamE S hi,

1.10
FRICRRORBERIIC & 2 BB CII BB & 5 L FRFE
BERRPFEAROKEVER 70y 27 b OFERFES
%<, EHREFEORBVYP BN -2, HlziE, EPM
70Z 5 ATiE, GE & P&EW BHFETTL— FEAYE
RMEELTFTAAZAPMEEDOREEZTR-THEY,
ZORTIIEEREOITS D & RHRBEMY, EE~0
BRAMR EEBBBRRNIFEL TV 5, —F, BE»
LOFRIIHE-BEICLIZIONPEL, BEZFE-TY
YEA VI THEILEN HEREELTWABINEE-
72o MIELANNVOETRKRKZY-FTBLD0H50,
SBIMELY OBENLREE L) ERILL TWL p3EE
EEZOLND, RO 2 BRERBBREN
TS RUPBLETH ), ERENBAENOLEOEE
BIZED MACAZ, ERNZY - REERLREL L
PLELRSY

2. KEHX2—E BBECEDRK
2.1 L&

Z @ 72T Superalloy EIR# &S DRBICT A F—¥E ¥
WCBE S 2 KERELFMRET 2HE% B, K11
SRR L7:0¥% T L b, JLKRESRICHEL, 20
GHTHROFEMA—H—, BRA—F—, TV
A “‘7’]"’2%&5 L7

®1

PG4 —E BREL %%

EEY

al [ 3t

Es3 S

RK—LR—=TF7 KL A

Cannon-Muskegon

Muskegon, MI

SEMRA Ty b

http://www.c-mgroup.com/

Special Metals Corporation

Huntington, WV

BEHYL Y b

http://www.specialmetals.com/

Certech Incorporated | Wood-Ridge, NJ o9 3Ivray http://www.cartech.com/epg_certech/

Howmet Castings Whitehall, MI BEE W http://www.alcoa.com/howmet/
a—5 4 YT

Ladish Co, INC. Cudahy, WI $BE S http://www ladishco.com/

Chromalloy New York Orangeburg, NY A—F4 7 http://www.chromalloynewyork.com/

IRR R T

Williams International

Walled Lake, MI

NI v

http://www.williams-int.com/

GE Global Research Center

Niskayuna, NY

M N VA

(BFZER3%)

http://www.research.ge.com/

Rolls-Royce Corporation

Indianapolis, IN

ZC I N AV

http://www.rolls-royce.com/northamerica/
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R, ERICESAERE LR T 5, £1IIRT
BY, HALELILEBFHRFEMEIRERL2A—L2R=-Y
EHELTWADT, BIREFF-NHIIHRAL TWiz2
AN

2.2 Cannon-Muskegon

Cannon-Muskegon %, 31 PCC Vv —7ZE$ 5
LOEL LOBREFFOHERA v Ty P A—H—Th b,
3 ¥ H M Muskegon (2B L, £I%¥%E A Cannon K
THaHIENBOH%, WEHERHO NI &, Co &,
Fe #4642 WL, CMOX%E2ETLHEASI
Cannon-Muskegon 7S #E % &0, CMSX-2, 4, 10N
EAENE—, F-, FZHAREREGEORETH
1) JZ()’?I]%F}’L EBRIZ Rolls-Royce Y =z v bV v
BEXZELEHENTVE, BHORESEELZ
CMSX-4 (SLS) [La+Y] & CMSX-486 T & V),
Supaeralloy ERSBTREIL - BYRAFOES

AT R EE N LS 5E8TH S, ﬁﬁ

%E FHEM1704 T, BEZE VIM BRI % H R Tton
A% 2 3, 3.8ton, 2ton, 220kg, 140kg AZhZFh 1 &,
Gite kb b, 72, BAERY LIF DM T A 7
AT, #IMNI15%TH 5, LiFdetks LTEhWwIitE
BENTBY, BRELHETEENZIrO AR,

2.3 Special Metals Corporation

Special Metals %, HHRAEHOBEH L LY b X —
#—7T, New Hartford (7 AV #), Huntington (7 X
), Wiggin (M FIJR) PEETHTHS, HED
7 — 7 1319984E 12 Special Metals Corporation %% Inco
Alloys International # B L TR &K & L7z, HAE,
Special Metals 233412 % 2 & 4 1% INCONELg, IN-
COLOYs, NIMONICs, UDIMETe % & Ni £BE&E
FREFTHH0EH9 Y THAH, i L7 Huntington i
bl IncoOLHTHY, HIFEDELZFD,
ZOWMERIZLINOATHY, & LT VIMEF 2
X (AMRE23, 15hY), VARF 6K, #ETLA
(|K5,000 >) %HEEHFT Bo 20034EEDT X A,
AFXF)RALEORY LIFiE, 57BN TIIMEEESE
29%, fL2E5E16%, AMP A5E13% %R, B
WTIET7T X A59%, 4 X)) AH14%, 75 VA 8%7%
ERERDDOTHDLThHb, HATORY RiFid 2wk
P, LHRETIX, REOREIIEH IR,

2.4 Certech Incorporated
Certech X 19704 \CAIE L - R NV OEFEFHER &
SIv AT A= —Thhb, 19954 » 5iZ Carpenter
TNV—=TllgoTwh, #iflizza—Tr—TV—HM
Woodridge T.3% 1% Certech ® &0 T3 T, #0.6~ 7
F—VOLHICHERTBES - CHaTRET M~
EHREMEHT S, Woodridge LHOEEE$

—63—
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ZRI200ATH Y, 3360+ F I v 7 EHHBIEEE W,
3 R4 BREN CTRIE 21T > TWb, EEE
52,0002 7 /IZb %2 B BMIIKELRVWIHTHS
A, FENLLA 7Y FPSEIATEBIAEREIEOE
FAMA 2 720

2.5 Howmet Castings

Howmet Castings 3MiZE Y=y b v TV, E¥EH
Ry —CrviiBas, TVIGE F5 580K
BHETPY TORX—H—Thb, HE0ALLT
HIP B a—74 v 7, BEMLRETH by 7
LRVTHY, 41Ty MEREFIv7a7aEd
H THCBET L, 7AUH, #F5, 750, 4
FIYR, HRIZGFRIOTHZ2FHOAEL DITHRE DK
T A— A —Tdh b, M L7z Whitehall iZi3 5 —¥
YROGBELY, TiaeHkELls, WMERERMLE
b, I TIIRFIHAREOLNNVOEHE LBOE
SR L7z,

2.6 Ladish Co., INC

Ladish i&, 19074 IZAIE L 2BE XA - —Tdh 5,
520 EFPBAIZA $200million T, Mz Y Y Y T74%,
FH20%, —MHEEX6%EVIEETHbL, £ bIH
eI D714 A2 13 Rolls-Royce, GE, P& W,
SNECMA % EFEZMHOL O HFEL T 5, FHHIL
72 Cudahy i Ladish ® FE T T, PEEBITHT0OANT
Hh, TEBEHMISEESL A 2% (10,000, 4,500
FY), A ry—Ta—nrw— (150,000~ F),
TV A (#&K15,000b ), V) rru—) (RKEF28
T74—1F, BE10714—1b, EE3BOKkKRYF) 2 &T
Bb, FWTVA, Ay ry—Ta—-nrv<—, Yo7
O—VIZHRBEROKEETH S, HEMBELEAT,
Superalloy EE4# C NASA, Rolls-Royce 7 & & j#
LCBRIMENER SN2, & 2 TRFEAREOBMIC
FEIEN, 0BV E Sz,

2.7 Chromalloy New York

Chromalloy Gas Turbine Corporation (& 4 #12#
2507 7 I —EEFFHON RS — ¥ VT ESEEN
L7 NV—7TdH5%. Chromalloy New York i3 D9 %
BROLEHT, HPTOa—F 4 > 7, BWNL, BHE
HEIFEL WD, LEOHMmAEITL.9N7 F—
T, HEEH425AD3 ¥ 7 F 24850, 6 B/ BRI TH
WTWh, 60 % Lean % EOME - AN EFEEHD
HHT, EEUESBEVIBTH L, RERICIZ 24D
DER & 1004 @ FAA Certified Repairman 258 Y, &
MELEOEHAEZ SN TWVE, TERBIZN—/$—
Tr2—R+TIVIFAXBEEIE, Nvr XAV F—
vavFT7H, EB-PVD 4K (53 v 7 H3%E, &8
1), LPPS 9%, S#IL—%—R»IT#H< EDM
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BAHRX 2 —E 3245

SRR ET, a—T4 Y TRBHILELRRBISATL
ACHIZ BN TWDS, ZOLBIIMREKEORESE & B,
VESERRMEAWRIL o T 720

2.8 Williams International
Williams International % 1955 4E {Z &l 37 L 7=/ 8
Vv PLY IV A—N—Thb, WELV T VDN
11,000~3,500K > FC, x> ¥/GE HEtE LT 5
LYV VEBETAVA X, RO YT VI

FJ44-3A = v ¥ » (53,000 >~ F) & FJ33-4A
(#711,500K > F) THIE, FAA ORFELH. B
MREPLHEHBYIR— bR 217429 Walled Lake T3
(VT LBRFOEETIZTH S Ogden T (2
ZI) O2THENHb. 9. 1OFETI IHEFTEDE
HRAATWA, BRERRAFLAZ IR TWE X7,

2.9 GE Global Research Center

GE Global Research Center (& 1004E DL E D FE W %
D GE V=T OHRRHEHT, =a2—F— M Nis-
kayuna, A4 > F Bangalore & TE Figlc#ES%2E L,
REEHIZLHT2,0008 U ETHY, Niskayuna 7217 T
1,600 Ll vy 5, Niskayuna iZEF—27IlDI3 L D,
HARE D ey, FATER M I e o > ¥ 2 — & Hil,
BT, TANVF—RERIGIPNT VS, KL D5
MILZNIEBESICHET LT Iv 7 X - &BME
BMERFNE 9 DIZ DN —T M50, BEesE» 5
BEME T T, WRBRRED O AEERN T CIRLAL h -
LTV b, SHAIN 2 3688 % & 47200 I BB M A5 Tk

INTWT, CGEDEDEAPERSELNT,

2.10 Rolls-Royce Corporation

Rolls-Royce Corporation i 4 ¥ Y A @ Rolls-Royce
ple DT NV—TFE&MIZHY, bbb A T4 T M
Indianapolis |23 - 72 Alison f2SHIL & 1, 19994E (23]
DA R o7z, HHERIIHN4,000% T, FELERG
1$H7310,000K » FATFO/INBRL Y TV v THD, EHD
AE3007i3m K#EF18, 000K~ F Ty 7S Vi) —
TaFrhTzy MIREAENTRA T —1Ch>TH
D, THIIBWTHEET A VA E - Tz, BiER
Y- UVROHEDEMLTITR o TV 5D, BN RER
MmARDT, BELPOLIUBALILIITE 2D,

2.11. ARk

SR, RESCEORBOHE & FBIER SN,
by, FEH, MIERIRHEETDHY, EHo=
BEOE FHRMOMLE LMK ICEkRESL L Ehb, 22
DVECREEDOBEFBVNOF L TH S LF@TEL, T/,
ETORENERE ) I9NTIEEFELTBY, FLFhLD
SEFEHOMAERABL TV THEL R > TWLIET
MRz BARE LTI, FrREHIME E ) & HH
ZHREICLT, BN LTRIER—KE 2ok %
#L, BHEINROLGHIBEREEILENH L LED
N5,

(1) Superalloys 2004; ed. K. Green, et al, Warrendale, PA: TMS,
(2004)

OOV OOOVODOOOVODOODV OO

OFXESHE - hHE - #ETHO

FHREHS SE% AR - &3 MR AT
H AR 2 274l EE R H17/1/20-21 H AR5 2 B PG S8R
B 5 %7 S| EBE OO OB ILE# KR 25+ >~ ¥ — | 1% |TEL : 06-6443-2073
3 (FERRAX) 4R 401B FAX : 06-6443-6049
v BASE #E2 %;};gﬁ HARMES BB
AAWZES | —HHIZE2AED - BS PS5 TV ﬁﬁ\gaé\ﬁﬁ% 3P %% |URL : http://www.jsme.or.jp/
F B &3t i— T s kousyu2.htm
754 VEEE
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2004411 A 12 H @\ AL il E T2 & 5 BT Stk
FEREALBEAERG | C RS - BRSSP HRE S Lz
AENE, FRIPICH R Y — Y Y ORFEREm 2 hL &
L2y v RY A ETRERTRXLE Y ¥ —CRKEL, +
B b RES  HNBRSRE BT A20E T, O
MELHY, BNFIZ39ZEREERTH -7,

VYRV ALATYH, HMRABS T T Ly Y —%0D
EREN I A BOMEBR A Ay — Y L HRFEBHIZ2 &
DHAZ - EFHLTHWAEZ LRI ENT,

ALBE BRI 1 TR R A B N A T2055 2 53 ok
BES LWAKZTERS CBET AT 7t ADREWY
L& LTz,

FHCHBEATEED S DREZITANOHEILE HK
BERT, HIRABSOXFSE L ) ALRFRSE OME
WZOWT THATEV 72, ALIREEERS 130T % 13 B #rRR A
OGBS L LTRIZSh, F0%, MExrY
¥ RIEE TNV ORERE - PERE 2 SABRER T 5 2= HEEERT
R EHT A LR, HIFICTHEETL, B4,
PRBEAEH & ATF (Altitude Test Facility : =¥ Y V 5
R RERERE) 252K, 3 HEARSEERICZTR
TAHFETDH S,

BEFHBAOK, 2FICTIPNTRBEEENTHEN,
ATF (T ERMeiREE)

WZEY Ly PV OREDS, HETEHZED
RATIREA R L -BBELZAIVBL, ERL VI V0K
BEBERETRTIT BE, < v 2.5, BET75,000ft ¥
TOHEMORAEBEAN T, BEOERABRMIEIITH
80kg/so ¥V YHEREBRET 572012 1 AOLM2500GT
22 BEOHRTMZEREI L, Zhb %2 EFRIEy) &l
ERBEH)CEEREZUVE L, LHEBAOBRTE %R
2% THhb, ATF O:&E#zEiCiZ, ATF &k 7at 2
JU—%EH - T 5 ATF 2fFM=EL, 72 b
FyUN—HNOLY YV EBEE L, EERELEIRE %
CREHRTE IMARNBEEEREDL, 775 —N—F—
DORPEIRREZ HERH D O EHEC 7 TB IR 5 3840 D 4
2T, BEREREE TZOREMBEOY T2 RE
TIEW,

PR REE

T vN4, FEESD,000ft T TOMEMRL £ HBRETT
AVzy b VI UOREEYERTX %W, HER,
AVFTINAT Y b -G A, T —F—KTh, ¥V
Fv FO4r v MEORERZT5,000ft &4k THREEL TV
BEDT L, VYUY B EREREERT SO

=S B

MISHIMA Hidehiro

12, KEFRESE TS, BRREROD HBEE
KAEEN ABBNOKKRHBARRE 2o Tz
3EEAR

RA2m x 2m ORERAIC0.3~4. 0% vy NOEF
#H, BEE, SEEO3FEEOISE L EF LK 5 B
BREZANT, ET0EOAET TIRS Z &K,
Re $i210827 5 2132 L, #ABREL NV, 5 20EE
Ry WS N R E T u—9 2 BI/RED LA
T, BREREBRT /s I0ET S, BEZERI,
LM1600GT BRE) o> op FE 2R R 2 & it S B P IEZER
(T5E) %, ARADGT #BEFEL T, V5 —27—
5—{f & DL BAEOEMBICL Y, 30RE 40T O
-60CEADERERE LTELONS,

ZMREE, EBEEDLT, ERICRBREZHLINT
WAEF A ICTHETES, 1HRLBNIRRE 2 ERIHV 72,
REREHROSLMBRED TEHRPTER, ATF 0K
&Y, RYVRAEBSHE, KLwTF—FE2EMLS X
IR HROENR EIZKWIZES LTWAE, ik
RERRE D FWHREEOF S TV ¥ U — VR
OBWEIEL RIS THY 2, T2, 04 2BER
RE2 5B WEbEIA LRBREICOVTH, AFD
HEBH ORI 2 BAEOHIETIITERTH LD T,
MEE KR LTWwELY, EoBELfAIV, KEIh
AL b, BREICKT L. :
BB, THICoh, BEZITANRTT Y, REH
by, TELZHHA, EREEICHISEW KBS R
VTHIRREBIEOF 4, LIS RIOAEIZZSIMTEV
7EBEMIC, ELBILRLETES,
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R & —E ¥ OB ERTFEEBMN, 2 kT —<1g,
ALIRRBRIB BT B H A7 — LV OISFER, it
VVBIUEERIAY—C L OEZF) ¥ 7 LIRTE
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WoOWTEBwETIZ L L L

M HIEFRT 9 BRICBES L, S0&HEOEED L = 540
ZEVWEREOSNEBT, 9820555 FELHE L7
1 HO#EHEIT TMERBTIZY -V HRETSS
PR LREL, BiEITHEMABOE R RERK L DAL
WEERERS DWFFE M AR, ZRBEREHBE L LT
BEINIH R Y-V EBORB TR ERZ 225,
L) R BHINT, RBRISEERZRE L TEX»D
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ZMMEDTER, EVa2— NI OREFEROERL Y

i S

WATANABE Toshinori

PRI s N7z BIZ NOx sk hm Lt 7o
OEGEBRLZECHALTOMADLD D, KHimAz2E
AT ENTET,
SHEBEREHAZMOMBEERRKICL S THEL VY
COERAENELERE) LEINEHRTH 2. MR
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