NAL TR-234

UDC 517.544:
536.21:
621.438-226

Wi Z2 5t HT B BF 22 T W%

TECHNICAL REPORT OF NATIONAL AEROSPACE LABORATORY

TR-234

Green Bi%c% 7 7 5 2 HFFERIGHE L2 Bk
LowmH s~ v EBoREIMi O

B & X B

19714 1 A

R S T

NATIONAL AEROSPACE LABORATORY

This document is provided by JAXA.



T R-208

T R-209

TR-210

TR-211

TR-212

TR-213

TR-214

TR-215

TR-216

TR-217

TR-218

TR-219

HA R~ PR
Gas Turbine Combustors

74V T Ay FARERY = » F3
4 7 OBEIGLER

Mode Test on Deflected Jet Pipes of NAL
Flying Test Bed

B TR FFM-10 022 tkicon

T
On the Aerodynamic Characteristics of a
Free Flight Model FFM-10

Tew b TFuT e vm— R =Dk WY
T o — BRI
A Model Test on Hovering Characteristics
of Jet-Flapped Rotor

CERROR MRS

Aerodynamic Noise of a Circular Double
Jet

vy Y EREI DPEF JaGlE ¥
CRoRpe

A Study of Gimbal-Engine Actuated Hy-
draulic Servomechanism with DPF
Hydromechanical Compensation Network

B E AR B B E A TR DI 57 I DWW T D
KErrnsE (RHMOd % ¥ vES)

Experimental Investigation of Fatxgue
Strength of Axial Flow Compressor Blade
Root—Pin Joint Lug Having Clearance
between Pin and Pin-Hole—

V= v PERORM DI AT - TF VY
A
Task Analysis of Jet Transport (DC-8)

ﬁﬂ$®3ﬁxﬂ$/mz¥wﬁﬁkﬁé
Bending and Development Three-dimen-
sional Turbulent Jets in a Gross Wind

AT # A LAX-WENDROFF & XU %
DLW TR T 5 B HERR

Numerical Test on Lax-Wendroff Difference
Scheme with Artifical Viscosity and Its
Variations by the Two-Step Method.

IR RO DIRENC DWW T T SR
I X DIRENERIE

On the Vibration of Axial-flow Turbo-
machine Blade. T Vibration Damping
Capacity of the Blade Mounting.

ZRICIEEMEMEELIRE SR OE LT DT
n am Approximation of Two-Dimensional
Incompressible Turbulent Boundary Layer

T R -220T Application of Dorodnitsyn’s Technique to

TR-221

TR-222

TR-223

Compressible Two-Dimensional Airfoil
Theories at Transonics Speeds

FIRDOTENT VYD Stk T Fivk
Aerodynamic Charateristics of a Flare

Body with Blunt Nose
FALH SRR RIS ik HELA

Mé;l;lfemelnts and Analysis of Atmospheric
Turbulence on the Pacific Coast Air Route
of the TOHOKU District

RO & O R T
Cyundrical Boundary Interference on Virtual
Mass of a Sphere

197048 9 B

197042104

19704 8 A

197049 A

19704107

19704 9 A

197049 B

1970410

197049 H

197049 H

19704£10 7

1970410 A

19704210 A

19704£10H

19704£ 9 A

19704f- 9 H

SRS, HA
WHRIER, K K
H 28 —

IR ek, F RS R
WA ik
HIKHESE, FH B
[{’E] #=— miReEd
B R IE

LA, B E

hn
i
Sk

i 2 18,

-

HE«

SR T

s |
SN

H  FEB
BN

s

£y
Em

et
e
o
=+
s

o b
EHEE

[1{0m

ko
-Ho»
Z1

R &H M

Junzo SATO

\Y

&, WA Rk
" 0 R i —
HORERE)
mZ, IHREE=ET
ﬁa /J\ f%a
i3

=

EIRT FBFED
553 oF
e

| T

3
12
paud
=

This document is provided by JAXA.



Green % 7 77 2 FBERNITER L 2B EIT X 5
BT~ v EBOBEBSAOTES

S B A

A Calculation of Temperature Distribution by Applying Green’s
Function to a Two-Dimensional Laplace’s Equation

By Hideaki NisHIMURA

The progress in the development of the gas turbine is remarkable, and is mainly derived
from increasing the operation temperature, and development of materials.

Although the improvement of gas turbine performance is due to high turbine inlet
temperature, materials will not always tolerate high temperature condition.

To preserve material properties, the blade of a gas turbine is cooled, but if the tempera-
ture distribution in the cooled blade is not proper, then rupture of the material will take place.

Therefore, it is necessary to know the temperature distribution in the cooled blade.

Steady, isotropic, two-dimensional temperature field without a heat source and heat sink
is subject to Laplace’s equation.

By making use of Green's function in order to solve Laplace’s equation, the Fredholm
integral equation of the second kind is obtained and this integral equation is solved by
direct numerical treatment.

Two examples of calculation of temperature distribution are given, one of them being
the case that boundaries are consist of two concentric circles, and the other that in which
boundaries consist of three configurations, one is an aerofoil forming the outer boundary
and two others being circles forming the inner boundaries.
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Ri=10 Ri=2 fo(p)=100+25cos¢, f1(p)=20+5sing

SEE 2N=2N=24
U=1.0
A1=49.2 VO =gy + A1.03®, yD =y D 4 ;gD

s ) PR ® 2 o (D Ay LD

0 1341.6 —19.3 392.0 0 —18960.0 385.2 — 8.2
1 933.0 —11.5 367.2 1 —19116.1 388.5 - 1.9
2 558.7 — 5.1 307.8 2 —19272.6 391.8 4.0
3 246.5 — 0.6 219.0 3 —19433.1 395.3 15.7
4 16.1 1.9 109.6 4 —19597.8 398.8 23.2
5 —136.2 2.3 — 23.0 5 —19768.3 402.4 29.8
6 —212.0 1.1 —157.6 6 —19945.0 406.1 35.1
7 —216.6 — 1.5 —290.4 7 —20128.3 410.0 43.6
8 —155.6 — 5.3 —416.4 8 —20318.4 413.9 45.5
9 — 34.3 - 9.9 —521.4 9 —20514.8 417.9 45.9
10 141.7 —15.0 —596.3 10 —20717.0 422.0 45.4
11 366.2 —20.5 —642.4 11 —20924.0 426.1 40.1
12 631.1 —26.2 —657.9 12 —21135.0 430.3 35.8
13 926.4 —31.7 —633.2 13 —21348.8 434.5 28.6
14 1239.3 —36.8 —571.3 14 —21564.0 438.7 20.0
15 1554.2 —41.5 —487.6 15 —21779.3 442.9 11.4
16 1852.3 —45.2 —371.5 16 —21993.6 447.1 3.7
17 2112.2 —48.0 —249.4 17 —22205.6 451.2 — 6.6
18 2310.3 —49.2 —110.3 18 —22414.3 455.3 —13.5
19 2422.6 —48.7 26.6 19 —22619.3 459.4 —16.8
20 2427.6 —46.3 149.6 20 —22820.3 463.4 —21.0
21 2311.3 —41.8 2564.7 21 —23017.1 467.4 -21.0
22 2074.1 —35.4 332.4 22 —23211.4 471.4 —18.5
23 1736.4 -‘—27.6 378.5 23 —23401.4 475.3 —16.6
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ZERLMAOBEOR (B FERAOKMEMEL)
Ri=10 Ri=2 fo(p)=100+25cos¢, f1(p)=20+5sin¢

% 3.

SEIR 2N=2N=24

U==2m
A1=50.0 VO =01 O f A1.pg®, 9l =pD; L Ay-p3D

2o (® v5(® (0 2 p(D vy o

0 1520.8 —-23.0 376.3 0 —340.8 6.4 —20.8
1 1497.7 —23.0 353.2 1 —334.7 6.4 —14.7
2 1440.6 —23.0 296.1 2 —327.6 6.4 — 7.6
3 1353.6 —23.0 209.0 3 —320.0 6.4 0.0
4 1242.4 —23.0 97.8 4 —312.4 6.4 7.6
5 1114.7 —-23.0 — 29.9 5 —305.3 6.4 14.7
6 979.2 —23.0 —165.4 6 —299.2 6.4 20.8
7 845.1 —-23.0 —299.5 7 —294.5 6.4 25.5
8 721.5 —23.0 —423.0 8 —291.5 6.4 28.5
9 617.0 —23.0 —527.6 9 —290.5 6.4 29.5
10 538.5 —23.0 —606.0 10 —291.5 6.4 28.5
11 491.5 —23.0 —653.0 11 —294.5 6.4 25.5
12 479.2 —23.0 —665.4 12 —299.2 6.4 20.8
13 502.3 —-23.0 —642.2 13 —305.3 6.4 14.7
14 559.4 —23.0 —585.2 14 —312.4 6.4 7.6
15 646.5 —-23.0 —498.1 15 —320.0 6.4 0.0
16 757.6 —23.0 —386.9 16 —327.6 6.4 - 7.6
17 885.3 —23.0 —259.2 17 —334.7 6.4 —14.7
18 1020.8 —23.0 —-123.7 18 —340.8 6.4 —20.8
19 1154.9 —23.0 10.4 19 —345.5 6.4 —25.5
20 1278.5 —23.0 133.9 20 —348.5 6.4 —28.5
21 1383.0 —23.0 238.5 21 —349.5 6.4 —29.5
22 1461.5 —23.0 316.9 22 —348.5 6.4 —28.5
23 1508.5 —23.0 363.9 23 —345.5 6.4 —25.5
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#£4. BESH RFEROREME)

Ri=10 Ri=2 folp)=100+25cos¢, f1(p)=20+5sing
HEd 2Ne=2N1=36

X\ 3 4 5 6 7 8 9
0] 449 62.6 76.7 88.7 99.1 108.5 118.0
1| 46.3 62.9 76.2 87.5 97.3 106.2 114.9
2 | 46.0 60.9 72.9 82.9 91.6 99.1 106.4
3| 443 57.4 67.6 76.1 83.3 39.5 94.7
4| a7 53.1 62.0 69.0 74.8 79.7 82.9
51 388 49.4 57.3 63.5 68.4 72.4 74.3
6 | 36.5 47.2 55.0 61.0 65.7 69.5 71.0
7| 353 47.0 55.6 62.2 67.5 71.8 74.1
8| 355 48.9 58.9 66.8 73.3 78.8 82.6
9| 37.0 52.3 64.0 73.5 81.5 88.5 94.3
10| 395 56.5 69.7 80.6 90.0 98.3 106.1
11 42.3 60.2 74.3 86.1 9.4 105.6 114.7

%5 WHESH MyFERAOKMEME)

Re=10 Ri=2 fo)¢)=100+25c0s ¢, fi1(p)=20+5sing
SHEE 2N=2N1=24

N s 4 5 6 7 8 9

0| 45.0 62.6 76.6 88.7 99.2 108.7 120.5

46.5 62.3 75.0 85.6 94.9 103.4 112.7
2| 446 57.6 67.8 76.2 83.4 89.5 93.7
3| 406 51.4 59.6 66.1 71.3 75.4 74.8
4| 3.7 47.3 55.1 61.1 65.8 69.2 66.9
5 | 35.3 7.7 57.0 64.2 70.0 74.6 74.7
6 | 37.0 52.3 64.0 73.5 81.5 88.4 93.6
7| 40.8 58.4 72.2 83.6 93.6 102.5 112.6
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% 6.

HESH RHHBAOREME)

Ri=10 Ri=2 fo(p)=100+25c0sp, f1(p)=20+5singp
SuEls 2Nv=2N1=24

NG 4 5 6 7 8 9
0| 445 62.3 76.5 88.5 99.0 108.6 120.3
1 45.2 62.6 76.5 8.3 98.7 108.1 119.4
2| 455 62.3 75.8 87.2 97.2 106.2 116.8
3| 455 61.5 74.4 85.2 94.7 103.2 112.5
a| 451 60.3 72.4 82.5 91.3 99.3 107.0
5| 44.3 58.6 69.9 79.3 87.3 94.4 100.5
6| 43.3 56.6 67.1 75.7 83.0 89.3 93.6
7| 421 54.6 64.2 72.1 78.7 84.2 86.6
8 | 407 52.4 61.4 68.6 74.6 79.3 80.1
9| 39.3 50.5 58.9 65.6 71.0 75.2 74.6
10| 380 48.8 56.9 63.1 68.1 71.9 70.3
11 36.8 47.5 55.4 61.5 66.3 69.9 67.6
12 35.8 46.6 54.6 60.7 65.5 69.1 66.7
13| 35.1 46.3 54.6 60.9 65.9 69.6 67.6
14 | 34.8 46.6 55.3 62.0 67.4 71.5 70.3
15 34.9 47.4 56.7 64.0 69.9 74.5 74.5
16 | 35.3 48.7 58.7 66.7 73.2 78.6 80.1
17 | 36.0 50.3 61.2 69.9 77.2 83.3 86.5
18| 37.0 52.3 64.0 73.5 81.5 88.4 93.5
19| 382 54.4 66.9 77.1 85.9 93.5 100.4
20 | 39.6 56.5 69.7 80.6 90.0 98.3 106.9
21 41.0 58.4 72.2 83.6 93.6 102.5 112.5
22 | 42.3 60.1 74.2 86.1 96.4 105.7 116.7
23 | 435 61.4 75.7 87.7 98.3 107.8 119.4
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Ri=10 Ri=2 fo(¢)=100+25cos¢, fi1(p)=20+5sing

e S R S VN

E

f= N
(=

HESA (BRI LD)

N s 4 5 6 7 8 9
0| 445 62.3 76.5 88.5 99.0 108.4 117.0
1| 445 62.1 76.2 88.1 98.5 107.8 116.3
2 44.2 61.4 75.2 86.7 96.8 105.9 1i14.1
3 43.7 60.3 73.5 84.6 94.2 102.8 110.5
4 42.9 58.7 71.3 81.7 90.8 98.8 105.9
51 41.9 56.9 68.7 78.4 86.8 94.1 100.6
6| 40.8 54.9 65.9 74.8 82.4 89.0 94.8
7 39.6 52.9 63.0 71.2 78.1 83.9 89.0
8| 38.5 50.9 60.3 67.9 74.0 79.2 83.7
9 37.5 49.2 58.0 64.9 70.5 75.2 79.0
10 36.7 47.9 56.0 62.7 67.8 72.0 75.5
11 36.1 47.0 55.0 61.3 66.1 70.1 73.3
12 35.8 46.6 54.6 60.7 65.5 69.4 72.5
13 35.8 46.8 54.9 61.1 66.1 70.0 73.2
14 36.1 47.5 55.9 62.5 67.7 71.9 75.4
15 36.6 48.6 57.6 64.6 70.3 75.0 79.0
16 37.4 50.2 59.8 67.5 73.8 79.1 83.6
17| 38.4 52.0 62.4 70.8 77.8 83.8 89.0
18 39.5 54.0 65.2 74.4 82.1 88.8 94.7
19 | 40.7 56.1 68.1 78.0 86.5 93.9 100.5
20 | 418 58.0 70.7 81.4 90.5 98.6 105.9
21 42.8 60.0 73.1 84.3 94.0 102.7 110.5
22 43.6 61.0 74.9 86.5 96.7 105.8 114.0
23 44.2 61.0 76.0 83.0 98.4 107.7 116.3
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S{\Qg-r 25 Cosjb
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__ T~ Temin Timax > BBRE
Tra Tbmax"Tcm'm Te min 3 BERR

N 17 BRoBESH (FIEH)

7 - Te min Tl:rnax;ﬁ‘:!:’iEﬁ
Tomax— Temin Temn ' ZERE

M 18 BoREESH (ZEH)

;oo T Tenin Tomas 3 508 X
ra Tbmax— Te min Te min 3 ﬁ{gﬂﬁ

R 19 RoBESH (FEK)
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p. 33-46
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Anal. 3, 1959, p. 235-270
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255,
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