NAL TR-86

UDC 621.63

Wt 2% 3 W B A B 58 P R o

TECHNICAL REPORT OF NATIONAL AEROSPACE LABORATORY

TR-86
= 2 B DI FE Ak o0 o3 BT R 0 — R

BAEB -BHB— Akt H

196545 A

it 22 F B OB B R OFT

NATIONAL AEROSPACE LABORATORY

This document is provided by JAXA.



TR-63

TR-64

TR-65

TR-66

TR-67

TR-68

TR-69

TR-70

TR-71

B T ]

FEEFEMPOBEICIEA T 2 B INDOWT

Aerodynamic Forces Acting on a Circular
Cylinder in Unsteady Flow

P HZECRT 2EOVETESEOIGH

Some Developements of the Magnetostriction
Type Measuring Instruments for the Study
of Aircraft Dynamics

HERBERBOREIZMYT 2 KR

An Experimental Investigation of Stability
Characteristics of Unsteady Laminar
Boundary Layer

BB L DFREOBSL, IRBFIZRT D
%ﬁ?ﬁ%#@ﬁﬁ%%%(ﬁ%ﬁﬁﬁ@

=]

Numerical Examination on the Fulfilment
of Natural Boundary Conditions by the
Approximate Solutions for Bending and
Vibration of Thin Elastic Plates based on
the Rayleigh-Ritz’s Procedure
(in Case of Cantilevered Wing Plates)

75 X< R BB OB

Characteristics of a Vortex Stabilized Plasma
Generator

ERE o falEE (1)

— ¥ TR —

Linearized Aerodynamic Theory of Rector
Blades (I)

—Lifting Surface Theory—

BRI S —~ ¢ ¥ OWE_ (1)
— 5~ ANHBERI| 04—

An Investigation of the High Speed Axial
Flow Turbine (I)
—An Investigation of the Annular Turbine-

nozzle Cascade—

ﬂ}ﬂ?{éﬁ:‘/ 2 ab—RIBORHE, HiEk L
Ok

Design, Construction and Characteristics of
Flight Simulator at National Aerospace
Laboratory

ﬁ‘l&@:—;ﬁﬁﬂ’é&%ﬁfﬂ?ﬁ

FEMZEIAT X A R

WP ENC R T RIS D R

JEITIRRE & BT O

Three Shear Theory of Plasticity

Anisotropy Due to Plastic Deformation

Influence of Intermediate Principal Stress on
Plastic Flow

Strain Ratio Relationship in Plastic Deforma-
tion

TR-71T Three Shear Theory of Plasticity

TR-72

Anisotropy Due to Plastic Deformation

Influence of Intermediate Principal Stress on
Plastic Flow

Strain Ratio Relationship in Plastic Deforma-
tion

Internal Shearing Resistances in the Three
Shear Theory of Plasticity

WBIRAZET 5

Some Experiments on Control-Surface Buzz

TR-72T Some Experiments on Control-Surface Buzz

TR-73

TR-74

TR-75

BTN o 0 O VR O B2

Stability of the Melted Layer near the Axi-
symmetric Stagnation Point

EEEARAXNT 5y ¥ OWE

The Experimental and Theoretical Studies
of Transonic Panel Flutter

SRR 2% O IARTIENC D\ T
—Hopf #epEBERT R O — % —
On the Initial-value Problem in Statistical
Hydromechanics
—A. General Solution of the Hopf
Characteristic Functional Equation—

==
=

1964 % 3 H

19644 3 A

19644 7 f

19644 6 A

1964 4% 4 A

1964 4 6 H

19644 7 A

19654 1 A

1964 % 7 A

RS,

Jo A 1%
% 12 i 1

PERREE, &

gz,

0 )11 3 i

o
HE
eCE
EE

4

-

-

[atsEss
\J
I3

i
B
iy

-

RRER K,

B OH
FIT&EA
Bf A 7K E

9 L %

Bi O — i
55 )1 5
Y ¥4
f 5 IF 2
e 7 0 55

September 1964 Fujio NAKANISHI
Yasuo SATO

19654 1 B R F£H HL:%—

November 1964 Yasuharu NAKAMURA
Yoshikazu TANABE

1964 4£ 11 H

R B E

19644113 AHZEH IR=E

1964 4 12 A

M bk

This document is provided by JAXA.



0 38 2 B ih ol EMA AR O B8 o TR O — 3T RE

K IE B - BR 3R R —** - HoBk Ot B¢

A Method for Predicting the Off-design Performance of Multi-Stage
Axial-Flow Compressors Operating in the Transonic Flow

By Masakatsu MATSUKI, Shoichi Fujil and Mitsuo GOMI

The preceding investigators have already established the methods for predicting
the part-load performance of single-stage axial-low Compressors by a blade-element
procedure. This study, therefore, was conducted to determine the possibillity and
reliability with which multi-stage axial-flow compressor performance at off-design
conditions may be predicted.

The partial differential equation for radial equilibrium could be reduced to the
ordinary differential one within our assumptions and moreover blade-element loss
coefhcients were assumed to be depending on the inlet condition of the blade row
only.

The test comparisons suggest that this practical method of analyzing the
performance may be useful in the process of designing a jet-engine multi-stage

compressor.

1. £ 2 » Z

Trv b OYRAEEEORIRSVTUL, Iy oy E L THARARESZ, §—F
VROBBERILEL DTy F T EEZ TEMhTE L biov e FDRODITIXRF LT TRL,
REARBHLA VLT AERCHEBRHTED L 5 ICEBEIMEBIT 202 Rl - TEhi
B bisv, By DY BT 5 DIIERBOE RN WTh, 4R, SHERENER
ENd, LnisT, TOERBORTEMH I EHEREC L 2HLR L, 1V EHRT 2%
NBERETERL TEDDLEND D,

PR O EBEFBOR T ERFHHERE LT o0 AR D, —0iF, T TCIZERAYT
Do THWLHBROFHEDAER TS FiE, b I5—2i3, BEBOBRKIOIDOLETTHEL
THbP?, FEOHEYACEISETHIDTH B,

ZOWMEDERNL, ZEEMRERBOFCBAOIBERE LT, TOMMICHE - TEHBAD

* BR40464 812854
> FEBERE

This document is provided by JAXA.



2 MEFHRTRAHYE 86 5

AbHOE TREMELHVCVTTAORBELENFL T, 2F%ELHES I FE2EALLSS
DEFEECERELELANTALIETH b,

2.5 # A

M1Dk5CHEEBREEEL, Rt EEASIVCENHTHEEVIREDD LT, TV
Ve~ H DEFHFAOZI5EE2EDLTRE LT Grho@nis\ AT T)
Jg OH/0r=Jgt 0s/0r+ (Ve/r)0(Ve)/or+V,0V,/or—V , 0V, /02 (1)
MNET 5,

J; BOEME
g; BEHOIEE R
H; 2> %1 —
T EERFHEK
z; EWHHEK
t; B &

s; ¥ itoK—
Vs 5 mE

Vo 5 REE
Ve; MBHRIER

\®
/

S
~

K1 P&

This document is provided by JAXA.



HELBRBRERBROD S AEHEO—~HEE 3

BOHAY v, T7ebbiiBMTh L LT, BIFIHBOLEB LR 4T &
AT=U,;V;—U;-1Vs;-1)/(JgCp) (2)

Cp; HBI

T; & @

U; A #&

V7 4 7 A j-1, ] IEOROEF, HORELXEDLT,
Ihiz, #HEOEHE LT

tip

W"—‘Z?rKS roVdr (3)
hud

> > )
L——K.—&\_

W, m &
K, 795 —-Y77,7%—
P E OE
HODOTR, ERIFOIOERBONEE (hub) »6 LEE (tip) $TERT
D), @) I @) ROEAFEXDEMI, 7 ADOREFERX
P=gpRT (4)
FIUCEIFIHOTZ Y o~ L7 ds 22/, £FEL0BFRERTR

(J/R)dszln—(%/)—z—%—l— (5)
7272l R; #AEK
ds; =¥ Fovr—%4L
P, & K
R E RN A ERE LTH%,
T, ) ROV TEIBLIZFANTA D, TTRFEOEIT HE 1 21R)
V.8V,/82=V 2/(R.-cos®d) (6)

; B om & z BHREOEES
siabb, ¥EFAERV, FEL TLMBNEHN (Re=0) THNEREZDOEIIFZ 27

This document is provided by JAXA.



MEFHHARBIEAF#HE 86 &

TEWZ iz, SRHDOBBRERLIDOISIZHEL TA D,
wiz, (1) KXo H, s Ve BIVOV, 512, BUIOREZL - THMRHFTHE20LHEFT

ZREA LRV, EAROEMMISLIRELZDTRVAFNVREBTIFEL Twb, sl
Whidd777 .28 —EBHETHD", LrLl, AROEBWNIZR VT, TOBGHOEMND &

* 1
THEHES ) XOBBOHEIZE T % %
I V=0 BB HaFsE
) aV,_ , f=const. DE~EE L
= 3z O V20 HEEIM20 L5l
Vs a f=const. DE~EEL -
m 3z 0 Vr0 REXE3ID L >z b
vl // eyl //‘// /

This document is provided by JAXA.



BESBRBATERERONY BAREO —HHE 5

BTEHEBDND, LediaT, H, 5,7V IV V., X O8FREMALERL, 0, £1
DOGBUOBELRETHE, W& 1< Q) RBRDL S HEHIHTERIZL D,
Jg dH/dr=Jgt ds/dr+ (Ve/r)d(rVs) /dr+V,dV,/dr (7)

3. NEiERET—4%

HIMA DI CEEVOLZBERTERINR TWAHEE 2 HA, TOREMEILERLEK @,
REAI TRETEZ 2, —RTELEBEEFH, EREOAOLT TR CHERBIZL L5, LiL
LHORFEILERE L TORFAREBUNAOHEEBTIY, 2EEEFRRE—RKEUOEEA TADRKRE
DHBTEETDHTHH 5, LichoT

o=f(, M, R) (8)
EEZ2 B,

[ BBEBEY
1 ; ASA (Incidence)
M,; A=y N
R; FEfE
—7%, READAODRSICHDRECERT 2, Lo LEABEEIEBRCTRRADOL SITAKS
EH2D, TREERELZITRINTHA S5, T, REAIARALLEOEMITH L ThHig v #
BTHIEEND

M4 B B

This document is provided by JAXA.



6 FEFHEMFAFTHRE 86 5

d=g(R) (9
g; BIRFEHIS
T D,

KB f B LU goELrROREL DIV, TDHIZ, GRTOEHREOER T —5 2%
DI D5 L, SEREREIOVWTORENAELRS IR, OMEHZE TS
DREDF L BRND, ST, HLEFENRHLETy "B M=1.1 TEETIDDELTEE,
TORFIINT HDARA L, @FEBENE D), FLBRNMNMIELKDILICEDIONEET
HBo LItioT, BENRHECEAIN TV RHE, By " EHAT S E, £2FE%
PREADTHDHAIICIIHBY, TOFEBHEBEL BT L2, B~y ~NEARRHFOTH LY &K
B &, ZEBRRIFDTHDAZAILEY, FEEHDIL LY, BETORYKLERKE
AHALOREKRLET 2, COLIRBEFBARAOBERIL, EBR7—7 2 EHET L LEBY
HBRIE LTRBAZ LN TE D, HESOZEMNEOERT — s nbE N, <o " HE, B

021
/4.4;:142
Mi=11
=
& ¢
4K
Y
H 0.1 5
NG
//frsz
A
1 L | 1 ! 1 {
0 2 4 6 3 10 12

AR A [(E
X5 HMAKreEHEARRE ARAOKRF

BARAOBEE & OBIMRE R T HE LY 25TV TR6IZRT, RIZ, BEARACSE
T52ERIBEOEE RO L6V, RETOBICL, BEOLTRKERIRET HHEL
LT BBRBEPEAHELT IHCHEBRCIL2BEE2 202200 ETHD1D, BEO
AZIIH L CEBEEA T ST ELSIVIEER, AQIZBH22FEBEAFRE TSV, —
#H, CHTRBELIVDIDLIZKREERKBLROEL MR 5. ZOEHERKIZ L 2BEREROHR
bEFIEBRARDINDTH > T, FHFETERIDECXBMPIC LB FERE - TRE 72, &BIg,
BEE f DR E D7 IR B 2 kv il 7e H 7o v FRIE T BRIRHE O BIIX T OVEB)HIPR

This document is provided by JAXA.



BEYRRAERERONS AFTREO—HER 7

ic.; ERENNOBEAFA
81 L SRERIOBEANA Hub
Mean
Tip.
h
) L l { { t ; ! ! I ]
0.2 03 04 05 06 07 08 03 1.0 IR 1.2

K6 BHAAHNAOBE

NEEREFE D, 39, BEH T D,y (Equivalent Diffusion Ratio) #% 2.2 {2785 A
HAYD > CEOERELT B LED, TOLAOEREIRMNEEFEO 2R - 0o RICHHIZ
BITAVEHEIZOVTUL, BT — 72 70L 5 ICREB L TEDERHAD Y v NI & BHB
PR, BOKEAILT LIREATACH L THFOMBCI I vA, BEE, FHR
TRRHTETHDEEE LI, UEnd, EOREREITA BMEDEL AORHELEITH
D3 BEBEIBPBTERT — 5 2HULI, LA T, RHSIEKBDLSBHBMTRENZ
BT, BREELTRELT

o=a;(i—1)%+m 10)
EMT B, TZT, a, LI my BROEIZHAT y "B My OZRRXNTEDLINDEEZ
%o

ar=a; M2+ b M+

h=asM*+bsMi+c; (11)

mi=aiM®+b,Mi+cy
XHIZ, ag by MEREZ TV RREOXENE R O REKL LTRD L 5270 %,

as=as’R*+a"R+ay"

az=as'R*+as" R+ a3 12)

as=a/R*+a/’'R+a"

This document is provided by JAXA.



BETHERMATRE 86 5

lref ; B AER
(st 3 RESTZAHE
H & &
L /& &
1.C
It
w0
L ¢ | 1
7 ce 09 1. 1.1
MAVYINE My
7 #BEBIHA~y " FHOBEE
.2+
13
=
s
XK
e
| 0.1+
6!
| | 1 ! | ! 1
0 2 4 6 8 10 12

8 mHETHER

This document is provided by JAXA.



BEY BRI REREOE S AEREO —HE 9

be=by' R*+by" R+ by ]
bs=bs'R*+bs" R+ by 13)
bi=b/R*+ b/ R+b/" I
ce=c/ R®4 " R+¢"”’ 1

|

cs=cs' RE+ ¢ R+¢d”’ (14)
a=c/R*~+c/’"R+¢/"
2T (12), (13) BLY (14) ROFIDXHbLN TS af, a W ERXTNTEHRTHY, L
o T, TRHLOEFEEZEBINCOVTERD TEZFFTIE LV TROLEDEEDOEMHNT
WAEERBERMADLMDE, (12), (13) FIV (14) R & » Tas as, as, by, bs, by, €3y 3 &
X Dby, RIZFOBEIFATE <y N M 25T (A1) Rz a, I 8L my
PHEL, SHEZARAI RS TWDE (10) Xnnb, 2EBRRRE © b2l Lilind,
REAZBELCIRLETOBEBTHLHEREL T2000
d=d' Ri+d"R+d" 15)

LHbbd, 22T A, d IV d” FRFATRB-REEALEDLLICEDLEETH 5,
. #® ® 5 &

KODL iz, BizLbHh0@ iy, B, $RCBIINAHTLTENS LEL THHES
XOESET 10% ZLIiZIHERES, CITHAYREE L, ERETEROEFBESCHRL
AR ESRES XD EThbD, 2O L3 LTROHLEAT, #FAOKER SEHRDOKE
BB Vi, Ve, V. 2bNCRE, BN ) #ERIEL TS, 7, HIDADHTEEX
L0210 THaH, Wi, H5—2O0 N AOREREP XTS5 TEDLL, ¥7+7X7 %

RN

“‘

i
P
>
S

— NI M N O] 0w

9 HEIT2ZA

This document is provided by JAXA.



10 L FH BT R A S 86 5
l

r
Ai-1, AilFREVE
) % RNErz#NREB
e ]
i3

j-|XZ‘/~(///

Ai-1

X1 890 (A) oRsw

i TEDORNEBERRTDIDETDE, BOFHIHS ;X FIU ;10X IEHMETH D0
b, %FD ;X1 BRELT, ;X 2HHET 2, £OLdI, (D AOEESHFERXLETEYH
WTHEMT A ERD LS CHMERE 4V, O"RRA LD,

AV 2 +BAV,+C=0 (16)

ZIT,
V=V, i— Vi an
A=-;—sec23/—(As/(4cp))<sec21i+:an23i') 18)

B=,V..1{1—ds-sec?d;/(2C,) — ds tan®8//(2Cp)}

—(tan B//2) {R(GGU;.1—;V s i-1 tan B;_1") —2,V, 1.1 tan B/} a9
C=R/2)GU;* jUs1+,;V.2 i1 tan B -tan B;1'— ;V, ;1 tan B/ ;U;

—Veioartan B+ ;Us_1) — GUE— ;U3 /2— (tan?B —tan?B; )+ ;V 2 ;_1/2

+j—lUi'j—1V8,i_j-lU'—-l 'j-lvo,i-l— (j—lHi_J’-II{i-!) + (AS/(2Cp)) ’Q (20)
As=jsi—j5;-_1 (21)
R=ri/iriaa—sriaa/imi (22)

Q=GU;Ui-iD/2— 1V, i.1(GUstan B+ ;U;_y tan ;1)
—G1Ui3oaVoit+ ;1Uisy0 5.1V 0,0-1) +JCp(G-1T0,i+ 5217 0,i-1)
— V2 i-1(sec®di+sec®d_ 1) /24 ;V i 1(GUstan B+ ;U;_s+tan B;_y")
— V.2 1(tan?B/ +tan?B;_,") /2 23

This document is provided by JAXA.



BES B TREROES RTREO—HEE 11

7220 B BV Bt IBRIZHTZHENMEATH - T, BEORFLIHR T L ER, XD
HRFHAY o I ai £ THE, EROTNTUILWT
ay=—p/
ai_1=—Bit }
BABENZELETNIEREDI G, i, —BCEE LB 2B ElEX 2L T3 26, K
1 OX5CHFNETOREA B2, M FIAE LTI L0, RNEOXITHL LT
BE,

(24)

tan §'=sec A-tan 8" (25)
BBENRH I, EEAADKREVEET (25) RZL-T B 2 ERCHE L TdLD

YA A

11 EhETcoORHAZONT

T, AD~(@23) KT Vet 2BET DL, A BFIVCHEEY LT (16) Rz k
5T AV, i3, REWIEIDHREE ST
4V,=(—B+4JB?—4AC)/2A (26)
b, REWVIES OREFEAT A0, ERHELTCAREONDIETH DA, PEVIESD
BB T EB L RKE IR EINDTH D, HIIARINTWDH L5, RBIZRLITVHE
kD Vi 2—2RETDHE, (26) KT L » TR Vo Vs Ve BREST D, £ZT, (),
@) FIV @ RTL-THE W 2HEL, CORELBUCEZHE W, L HANT
[(W—W)/W.|<e @7
BEEACABET, Vi OHEERELET, ¢ £ LTE 0.01 BER L > TKTETTTHASS,

5. B B F M

BETHEBINTZ7O0OFEELN 12 2L - CHBAT D, ZhhbXRH L 5 &7 5HEK N,
WE W, EGIZAODEN Py 3IVEE To 2ty PThE, M12i12K0T () OEZA

This document is provided by JAXA.



12 P FHEENTRAFT#E 86 5

ADRAR
| w_n
[ o e e e e e e e e S ST T T T T J
: H :
() } () W :
B 5 | BLEERE ', - M DRE S !
EBEERA ! =
| H i
(a) ‘ ! :
b) @ (9 ) W QI m | |
ADERRD [mEn EAOAD BEETTIIRE 2 PN e Lol o b
. BEROD BRAD " T g sl BR L FiaR R T A n®E
NV gy oy R i REERE #BR nDR#EY BAzH
Po[,Tol , T {J\
I AOEWE AORAR | ®EO
L. | Laox BHYEL ()
&
(
e) JI ()

FI1TRET —

K12 W n X

T, AODZEREL LRI OE, BEAZHEBL, ADEARARDOELZI (D) DEIANLEAT, &
25Ntz We, Py &0 Toy & MBS ER A > CRARITOEREE, ~» "B ELHEL (&
DEEMT —7 (AEVARLTVARY,) & BEMET —v (@EREL RA/LHATR T L7 —
g, Thbb (12), 13), (14 FIT (15) KROREDOI &) vE-» TREMMEE AHS, A
BEZR DT VIS EOEEE Vi 2#KELT, (h) 0&ZhT, (16) K&V THREEDF
FHmIWEEEL @D Xogtrtme Lishid
Via=[1+(We=W)/W V11 (28)

2L,

Vin-1; (n—1) BEIECIRE LCEE

Vin 3 n EHICRET 2HEE
LT VBRLHER D53 %, @D RDOFAYHELLHEL () OHFI~BY, HoRR
ELTCOES, RE, EERIFSIUCRHEAREEHELENLGEHFL, D, TOHORER
NROEF] (NORARDFEIRVBRIZL D) OAORBELD L5, BRF 7 LDHE
FEHrBEHSY, FLL, RORET—SJZEETLIGHEHLT () 0LIH b YD, (m)
TSI, TN THEBERIH L TOREREZLILETWEI0L, BROL X, &
BEERCNTA2REBRIIEE T H2LEND D, LicaisT, BROHFERZ (b), (0, (d) IV
@ ##-7T (@ Ty, BEOLEE b)) BIT (D) »HEHE (9) W<, &L, A
ROBFELAL L5 iHEL2 2O %, b LERELT27%b6E, We HEAKTHZLEZRL
mdhdleHisv: (R 2 5H),

This document is provided by JAXA.



SALBREBRTIERSOB AT —HER 13

6. % ® #

ORI YV AO BEFMAS BOEBBIZIOVWTHE L, THaAME: ZHEEX 13
WRT, BT A—% 100% L 0% T3, 4BEBOB), HEO Hub (BRI VS BE
BED Hub (FEINTERBIZ Deq=2.2 12785720 T, TOMBTHERIT LY -7, 80% T
SBENED Hub (f5HNBINE Deg=2.2 LT 2HBE TEHELI, 60% LV 40% TX1ERE)

1.0 -
= 08 T B BEE 80 % 100%
w O08F o T EEE (BEAL) /\\\//\\ ™
5 07F J e EBlE GAEHD)

06k ¥El (EEEEK/FHEER) XI00 27U,

' EFLF 9~ T4 B> THs 0l

(EAHEEBEE/BHEER)XI00THS
501
o«
‘\m
o A0
23
A
30+
4

2.0

1.9 , :

0 2.25 050 0.75 1.0

ETRB/BHRE (W/ Wees )
13 TSGR L ZHHE

BO Tip & 1 BHED Hub fHENEINC De=2.2 £1tY, DO3WT2RHED Hub fF
FA Deg=2.3 tZZ LR 2 D - T, HERT DY, FROVFERAZEND L0, K 14
DE>3BFRTHEMEE 70y b L, THOLE 14 IFRBENRKIBATHER L T 2H 1 #H
BLLHMEBE LTORMEPELL TS, X 15@), (b) ZASBHEOHEZERONREABE L
T2 BBROREE R,

LN S . )

A, AL T TICHBEBE THADNIHFED PR, BOTERERBICEALLT
ETHY, TOBOHEEMPEMEL LOHBBERH T2 L Th -1, FREBBOZED
VEBIREDD & T, ABOT AREEEZALVFELLANDZOTH 1S, HAFELOLOMRNTSK
BBIABILIBILNAVIETH D, TNDZICMCLTTEAEFTHERILT, Lid

This document is provided by JAXA.



14 s EHRRHEREE 86 5
1.6
—-— 100 % @
I 80 NEENG)
E 60 ©\§\—§_¥‘>\\\
o A OnsFitritRnT e ~
__E @/‘ .
H D
Lé 1.3 @~‘__\_\__
Lt ﬂ-::;\*\\.
5 le— O m«”“\\\ \"\
g 0 \ @ N "
2r N N
\
Al O\ &- “*k\\\
@ \ N
\\
I.O [ @-‘———\ N
L [ 1 ! 1
50 100 150 200

~
w

EERKMAY

MuEKYh OBEERR WE/AS (kg/s/m?)
K 14 #BBROFH

—-—100% W/W;s=1.000 20
--—— 90 0.825 L/
— 80 0.70¢/ 7
=115
~110
0.4~ -5
03+ -1 0
0.2+
01
Tip Hub

HWHRA Ty M]

0.9

o
=)

o
~

<@
=2

Tip

15 HE I 2AETE (2BEE)

Hub

This document is provided by JAXA.



BEYBRHATERORS AT R0 —HEE 15

ALY XDV E ST 30TRROE T,

(1) F9, ERMBET 52 EDL S5 XBETINE—20OMEERD D, AHETE, ¢F
HERBEAORBC LGB ST 2, BECEBEFRBICOBERTIZETHY, BB Dy
DESRDDEFEINETHHS5, ZOLIBFEREDLHEREHNEML, M) KBDOEFIH
HBOADREZIe D, L L, Dy L &FEBELOBENLTIZEERIC O T W EREBEZ S
WO, @EBEEBEITREBICECBGROT T, SHEERIEH LI L THI L EEIENE
Bl

(2) ¥BFEFADLZIYINEC—D HELEERDLT (7) KOFEHROFHERL ZH5HERCREHh
Z TR, SELRRMORS (Mesh OZ EHhX) (0L - GEUREEA R - TL %, —&
CERRBORIHE T, ER2W <O S8l T, TOEETHEREZE X THVWTWLLDT
HBN, BAARTMHAETL, BAOAOKER 52 TRIFORBLERD DD TH D0 D, K0S
FEZOWTL, REAHREDLE L, BOERHEOL T TR LN LTNHELRITERLEDLH D,

(3) ¥—PTHVABREHOE ZARHERL, BAEESFA—-EBS TEREZ ORI LS
BRI DZ e o1, O 3 (7) Ko dH/dr & tds/dr & OFEEEEERIZ L B D ThH 545,
HHEOREES, HoBFMIRT A2EBARNIE 2 Fl 2 R ARRE, #RL Vi
BTHrH5,

(4) ABLASBEOHEABEAY RELOO—2DFETHE7 0y r—P7 » 75 —KOfl
GEHTRCDENTHID0TH 20, AMIHEPHERCL > TIEDLLIRELINTH D, T
V=Y T4 YORBII, ROAFRREL L DCEERRT LD,

(5) HHALAETHERIF—7 oy 2056 CkEAAv—X#8) Thy, eEMErEbLT
—ODOMB L AEKLHET 200, BEFFREACT, # 60 2 E L, L TEF
KT, # 2,000 ZOHERMTRT L,

(6) FHEFFIZIVBOLNAMESBIIY - v Py oy AESHES RENERBOERE
RER—BHERL TS,

B&IZ, BRELTROILIRZ EIMV 25,

AL - THRLAHERL, Y2y b2y oy AEBBORITRBCHET, HihEY
THYmOEANTH D,

H& 1. V.oVp 6z 2D\ T
HRFRNEZZ T B0 BEEER (Surface of revolution) & WE (Surface of flow) —%$ 2, Liz
2o TR LICRT & 5 20=const. s HE L MNEE THESLN D BEBmIZH - T Ve OBIBKRD L 512785,

@V /0m)dm=[V,+(0V,/0m)dm]-[tan QA+dD)]—V,tan 2 (a)
BEm e z BOTHELY A 45

This document is provided by JAXA.



16 BiZe FH R AT EE 86 5

dm
NS
A \A
dmcosA=dZ
r
e
Zz
T E 1
W
B
Pe <t
8
Pon. Son o c—
3
B
Ws
Wa
Station A Station B
f+ B 2
dz=dm-cos X (b)

Lf\:ﬁs‘ ’JT) (a)’ (b) 7.,7\%
OV, /0z=[ {V.+ (8V./0m)dm} {tan (A+dD)} —V: tan 2]/(dm+cos )

~d2-V,/{dm-cos®A- (1—tan 2-dA)} (c)
HESEAOTA T tan 2 O HVEV 0.1 BETHE .0, 1 IZHNT tand-d2 BERTET (©
Al ‘

0V, /0z=(da/dm) Vz/cos’A
=V./(Rercos®d) (d)

(Y
(v
A

This document is provided by JAXA.



R % BRI R O 0 AR R 0 —E R 17

Re; BHig m DHREREE
$7sB, LizhisT
V:0Vr/02=V2/(Re-cos’l) (e)

fFégk 2. WRIZCOWT

A2 DX 5 IZHETHRL T8, WREE W, station A D&Y Wa, station B O &%
Wp &ddk
Wa=Wz+W, (€D)
BB H D, HEHE, EECRDEVCTIBROFEROEE P BLUEE LOEE Ooa 2F - THXE
EET 2, MXILOEREE An R (Discharge Coefficient)' % Cp, SNEER P 95 &

£+l

2z . EH
Wb=CDAh9\/‘,‘cgf—l 'R}A'POA{( L )E —<“%‘> ’ } (8)

Pou Pou
Lisd, bbAHA, ERTEHEREAOEBEZRE L GGHELRTNE bRV, ¥, XTI, Cp=0.6
L UTEE L7 ' '

X N

1) G.K. Serovy and E.W. Anderson; Method for predicting off-design Performance of -Axial-Flow
Compressor Blade Rows, NASA TN D-110 ’59 ‘ )
2)‘ W.C. Swan; A Practical Method of Predicting Transonic Compresser performance, ASME, Series A,
July’61 pp. 322-330.
3) Members of the Compressor and Turbine Research Division: Aerodynamic Design of Axial-Flow
Compressors, Vol. 2, NACA RM E56B03b
4) G.E. Provenzale; Losses in Subsonic and Transonic Axial-Flow Compressors at Optimum Conditions,
J. A.ero. Sci., Vol. 28 No. 561 Readers’ Form pp. 431-432
5) S. Lieblein; Analysis of Experimental Low Speed Loss and Stall Characteristics of Two-Dimensional
-Compressor Blade Cascades, NACA RM E57A28 ’
6) E.R. Tysi and F.C. Schwenk; Experimetal Investigation of A Transonic Compressor Rotor with 1.5
: Inch Chord Length And An Aspect Ratio of 3.0,3-Blade-Element And Over-All Performance At
. Three Solidity Levels, NACA RM E56D06
D ‘ J.W.R. Creagh; Rerformance Characteristics of an Axial-Flow Transonic Compressor Oprating up to
Tip Relative Inlet Mach Number of 1.34, NACA RM E56D27
8) : J.C. Montgomery and P.T. Yasaki; Design and Experimental Performance of A 0.35 Hub-Tip Radius
Ratio Transonic Axial-Flow-Compressor Rotor Designed For 40 Pounds Per Second Per Unit Frontal
Area, NACA RM E58D17
9) G.W. Lewis, Jr and F.S. Schwenk; - Experimental Investigation of A transonic Axial-Flow-Compressor
Rotor with Double-Circular-Arc Airfoil Blade Sections, 2-Blade-Element Performance, NACA RM
E54]08
10) F.C. Schwenk, S. Lieblein and G.W. Lewis, Jr.; Experimental Investigation of An Axial-Flow
Compressor Inlet Stage Operating At Transonic Relative Inlet Mach Numbers, 3-Blade-Row Performance
of Stage with Transonic Rotor And Subsonic Stator At Corrected Tip Speeds of 800 and 1600 Feet Per.
Second, NACA RM E53G17

This document is provided by JAXA.



18

11)

12)

13)

14)

BEFH R RA#EE 86 5

J.H. Horlock; Some Actuator-Disc Theories for the Flow of Air Through an Axial Turbo-Machine,
R. & M. No. 3030 Dec. ’52

S. Lieblein, F.C. Schwenk and R.L. Brodereck; Diffusion Factor for Estimating Losses and Limiting
Blade Loadings in Axial-Flow-Compressor Blade Elements, NACA RM ES3D01

G.R. Miller, G.W. Lewis, Jr. and M.J. Hartmann; Shock Losses in Transonic Compressor Blade
Rows, ASME, Series A, July ’61 pp. 235-242

R.T. Dittrich and C.C. Graves; Discharge Coefficients For Combustor-Liner Air-Entry Holes 1-Circular
Holes With Parallel Flow, NACA TN 3663

This document is provided by JAXA.



YR YL E G LRLRE N¥ T

S AT O X LA ISR OB R
NVIE G TN 0L~ > T 0 TR E 2 W
URRHW L OHYOY O N LT

WRMEH ‘DU OWIE QT USRI EIHME) ‘0SH

LR T TR LI OB T IS £ TR D L R BTN

YW R YR E G R NF %

LW RBTIO Y LN NREHR ORMANT MR TR MHS
V%G TIUMY 021 E—~D T L CUTME I HDER
CURFREW N ORVOY OISH 2 £

WREW ‘WY OWIEOWHIE AR E I EE) ‘0o
YN WAL R TR T 08 QRTINS T 2 W RN

This document is provided by JAXA.

f—> 81 i ¢ 3 G961 fi—> 81 H S 2 9961
€9°129 €9°129 °
98- TVN 98-d1 TVN °
% 9 ¥ TE LA — TR I LT L5 OB H I 2 T e aTa il Tl — QT R4 v L0507 QR WM g
— BH4f SHACH AL LR — B4 W LHAEH I X AL 3
e LI AR 98-41 TVN 8T 98341 TYN
YUY R DY BALLARE 0 R TNY e U YUY R TG EALIBHF (LK ‘NFC T
I RATHO X LN NG R O R THFE IR I RWTO I LN NGRA R OB WM TR THE
VK G T 0L E— D T 0 TETIBYIE T K VB G T 0L~ > T 0 TLERTE R WM
URRLW ML OO Y ONLH D £ URREWNCORROY OLH DV LT
WRMEY PYOWIHOWHEH U ATRE IR ‘0o% PR WU ORIEOTEH UNVEEITBEIRWE ‘0S8
DL G R TSRS VT L0R ORI T VAR € T D A B 2P TAEN A R R L9 ORI SR B B ZWTAER
,. f—> 81 B S = 9961 f—> 81 B G =5 G961
£€9°129 €9°129 °
98-AJ1 TVN 98-41 TVN °
5O ¥ TE FhbEHE— QTS 1T L0508 OB TH U ME € e % W ¥ TE T — QTR S Lsg QR R £ TR
— B 4f ¥ LKL A B — PR 4 ¥ W RET LA
TN 98-d1 TVN A XH - 9841 "TVN




TR-76

TR-77

TR-78

TR-79

TR-80

TR-81

TR-82

TR-83

TR-84

TR-85

e E R OI7E (V) 19654 1 A
—NACA 65 ZHAILEIE LL:&M_EPJ
MEFEOBHBEAIFADO Ty ~ 1.5 %
DA ETHBR—
An Investigation of High Speed Axial Flow
Compressor (IV
—Rotor Performance at Relative Inlte
Mach Numbers up to 1.5 of NACA 65-
Series Compressor Blades Modified
Approximately to Double Circular-Arc
Blades—
Galerkin DIz DVT
On the Convergence of Galerkin’s Method

ZURTCHESRBIIR i TR DRk e AREE & 2 BfE

19654 1 A
19654 1 A

Rk

Characteristic Method for the Numerical
Solution of Two-Dimensional Quasi-linear
Hyperbolic Systems

BIEY £ ERE 50 BIANETROK
IRIBIREI OB EIIOWT

Influence of Large Amplitude on Flexual
Vibrations of Rectangular Elastic Plates
under Initial Tension or Compression

LT EEER R W TIRZ T T RO
LEizg)-2
—ﬁ?ﬂﬁﬁ%ﬁ@ﬁﬁ‘m@ﬁﬁ D IRBDPI—
Numerical Effect of Constraints in Calculus
of Direct Variational Method
—in Case of Pure Torsional Vibration of
Thin Walled Beams of Open Cross
Section—
FRP 2 —7 ¢ v 7 OWi#dsE
Thermal Insulation Characteristics of FRP
Coating

% B EERER OBy AR E OB ST R
A Simple Method of Calculating the off-
Design Perfomance of Multi-Stage Axial-
Flow Compressor
ﬁaﬁﬁ¢@n7w7§v9~k74ﬁ~§
=¥ A (1)
—FEFE AL
Theoretical Study of Two-Dimensonal Panel
Flutter and Panel Divergence in Subsonic
Flow (1)
—Incompressible Flow Case—

BEEREY — ¥ vy EAIZRIGEE (1D
Experimental Investigation on Transonic
Turbine Cascades (II)
EliEE o maER (1)
—5 SRR —

Linearized Aerodynamic Theory of Rotor

Blades (II)

—Lifting-Line Theory—

19654 1 A

19654 1 A

19654 2 H

19654 2 H

19654 3 H

1965 4¢ 3 J]

19654 1 B~

-

BERS

-

TR
ERE
HB
oot |

Wk
A I g —

K IE B,

I F

I i,
lJJllh’:i,’Eﬁ&

I8 HE

22 F H 1T BT R

BEFn40 £ 5 B % 17

T 2% 5 B B 1 o Ze T
RAEEATEREFR 1,880
BERREFL) ) 9171 (HeE)

¥ I WM OB E R #
WRE X T A AR 10053

& ses

Bk
wH
2

, B E —

w5 —

% I g —

% H % i

This document is provided by JAXA.





