Oo0oooaod
Tech. Rep. Natl. Inst. ISSN 091513314
Rural. Eng. Japan

1120201

googd

gooobooboboobobooboobooboooo

gboooboobooobobooboobooo U
L0 ettt ettt e e e e e e e e e e e e e e e e e e e e goog ... o1
gooobDooboboOoNPOODOODODOO g
goNPOOUODOODDODOOODOOO g
L0 ettt et e e e oboobooboboboobooboobooobono ... 019
gbooobooboobooboobooboooo O
g—oobgoooboobooobevMd oo —0O U
L0 ettt ettt e e e e e e e e e e e e e e e e e e e e goog ... (135
goooboooboobobDbooboooboobooboo g
0—oOooooboobobobobo—o g
L0 ettt et et e e e e e e e e e e e e e e e e e e e e e e ooog ... 45
giIsiobogoobooboobooboooboooboooo O
L ettt e googogooooboobgooobooboo ..., 61
gooobooooboobooo U
L0 ettt ettt e e e e e e e e e e e e e e e e goooogooog ... arl
gooobooobobobobboobooobooboobo g
L0 ettt e e obooobooboboooboobooobono ... 81
gbooboobobbobooboobooboon O
U—ooboobooboobooboobooboonoo—0O U
L0 ettt ettt e e googobgoooboboobgooobgooo ..., (91
ooooboobooboooboooo g
P gooooooooooooo ..., (o1
gbooobgooboboobooobooo O
L0 ettt et e e e ooooboobobbooboobuoobooboo ... M3
gboooboobooobobooboobooo U
L0 ettt ettt e e e e e e e e e e e e e e e e e e e e goog ... 27
ooooboobobobooboooboobo g
L0 ettt et e e goooboooobooobooobono ... m1
gboooboobobbooboobooboooboobooboobooobob O
L0 ettt et e e e oooobooboboboboobooobooboooo ... (183
gboooboobobobooboobooboooo U
L et e goooboobooboboobooobooobooog ... 97
goooboooboobobobobooboooboobooboo g
gooobooobobobobboobooobooboobo g
L0 ettt et e e e e e e e obooobooooboobono ... 205

0016l 30

Jdgubobobooboboogdd



oougoouoon 2020

gooogbn
gooodbn
gooogdibn

goobobdn

goooobd

googoooo

goooooo

o [

[]

L] ]

[

O O 0o 0o o o
OO 0o o 0o o 4

[]
[

[]

[]

N [y I I Iy N By A
O O 0o 0o -og-go-goo-goo o™
O O 0o 0o -Oogoogoo-goo80o-d
N [y I I Iy N By A
O O 0o 0o -og-go-goo-goo o™
O O 0o 0o -Oogoogoo-goo80o-d

[]

0 ogd
oooon

goowsgoooobod

[

[]

[]

0 ogd

Joooon

oooisgoooomm

Joooon
oooon
Joooon
Joooon
oooon

O O 0O 0O 0o 0o 0o 0o O
OO 0O 0o 0o oo 0o oo



TECHNICAL REPORT OF THE NATIONALQ
INSTITUTE FOR RURAL ENGINEERING

SATO Hiroshill
ANYOJI Hisaoll
MIYAMOTO Koichild
KOMATSU Masarull
KUDOU Kiyomitsull
SAITO Genyall
OHNISHI Ryouichill
SHIGYO Moriyukil
HATA Kenjill
TAKEUCHI Mutsuo

No. 202

President
Executive Directord

Director,
Director,
Director,
Director,
Director,
Director,
Director,
Director,

Department
Department
Department
Department
Department
Department
Department
Department

EDITORIAL

of
of
of
of
of
of
of
of

Program Management and Coordination
General Affairsd

Rural Planning

Rural Environment

Regional Resourcesl]

Agricultural Environment Engineeringd
Hydraulic Engineering

Geotechnical Engineering

BOARD

Chairman :0 MIYAMOTO Koichil

KUNIMITSU Yojill

KAMIMURA Kenichiral 2003, April0 Julyo O
OSARI Hiroshio 2003, Augusto 0 O
MASUMOTO Takaoll

YAMAOKA Masarull

KIRI Hirohidell

TANI ShigerulJ

SATO Chyuichi

Editor :



D goooo 202
1130 126, 2004

113

Dobogoboooobotoobouobibn

oooo"oooooffooooofffooooofooooao®

oooo
I PP PTPTRTN 113 I PP PP PTPTPPPPTN 116
I PP P PP PTPTURTUN 113 I PSP PPPTPPPPTUN 120
I PP PP PTUPTPTN 113 I PP PP PP PPRTUN 120
I PP PPPTN 114 I PP PP PTSPTPPPPTUN 125
I PP PP PTPTN 115 I PSP PPPTPPPPTUN 125
OOOOODO DO e e e 116 SUMMANY oo e e e e 126

googo

gobooooocoooboooobbooobooboooooboo

oobooOooobobooomoooocooboooooooag
oo@mooooooooooobooOoobooOoooooag

ooooooooooooOoooobOocOoooocOooooo
ooooooooOoooooOoooobOocOooobocOooooo
ooooooooOoooooOoooobOocOooobocOooooo
ooboooooooooooooboOocOoooboOooooboo
ooooocooo

goboooboooooooooooooooboooboo

0000000000000 00KIirchbachO Schubart
0000000000000 (Kirchbachh 19280
Schubartd 1929 0000000000 OOOOOOO
Oo0o0o0oooooooooooooooooooooog
O00ooo0oooo0Dooooooooooooon
00000000000 00000000003000A
ddddddddgodzom/s000ooooooood
goooooobboobotdReb 00O
6,0000000000O0O000O0OO150A000M00OReO
0 0300,0000000KirchbachD 00O OReO OO
00000000000 DOOODODOO0DO0O0OOOOOOOO
000000000000 DOKirchbachd Schubart O
O0000Red OO O ORed30,000024000000000
godboooooboobooooooobouoUundRred
gooooboooboooooooo
godoooooouooooboooobooooboooo

"O00000000000000000000
Pl00000000000D0D000000000
PigpooO0000o0oooooooo
obleoooooonO
gboobooobooooobooobooooooboo

ODOReDOO0OOO0OO0OO0OODOODOOOOOODOODOO
ooooocoooood

O 0ooOo

goboogo

ooboooboooooooobooooooboog225
030 00000045° ODO0O0OO0O90 000000
ooo0O0O0000C00D080AO100AOI50A0 00O
200A0 00 00000O0O0ODOOOCFigOOOOOCOO
OoooooooCcTableDOO0O0O0OOO0OOOOO0OO
OO080AD100ADODOOOOOOFIgOOOOO150A
g200A00000000FgOOOOOOOOCOOOO
cooboooooOoooobObooobooobooOoooon
ooooboooboobooOmmbOOOS0cmdbooonOg
oooooooooooooooooo fo0000Fig.
OOooDoO0o0O0000000DOkKk/DO0O80AO100A0
150A0000200A0 0000000 00.000600.00050
oooo3mogo.ooo4boOoOoonOOobOOOOOD
00000 Mitutoyol SJ-400000000000O0OO
ooooooo3z2gpymibOmoooooooooogd

5k00000 o 0]

~ goooooot

\\\\ D
Y I v

c gt

FigODOOOO225° 0000000
The shape of the bend of 1 refraction 22.5°
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TableDOOOO225° 0000000
The dimension of the bend of 1 refraction 22.5° 00 (mm)
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FigdOOOQO30° DOoOoooaoa
The shape of the bend of 1 refraction 30°

sKOOooo

oooooooo

R 0 b c t D
80A 380| 225| 250| 1744 42| 891
100A 380 225 250 | 1744 45| 1143
150A 380| 225| 250| 1744 50| 165.2
200A 510| 225| 250| 1486 58| 216.3

TableDOODOO30° OOOOOOO
The dimension of the bend of 1 refraction 30° O (mm)

R 0 b C t D
80A | 2821 30| 250| 1744 42| 891
100A | 282.1 30| 250| 1744 45| 1143
150A | 380.0 30| 250| 1482 50| 165.2
200A | 5100 30| 250| 1133 58| 216.3
TableD OO OO45° JO0OQOOoog

The dimension of the bend of 2 refractions 45° O (mm)

=

FigOOODOO45° DoOoOooOoO
The shape of the bend of 2 refractions 45°
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Fig4d 00090 ODODOODOODO
The shape of the bend of 4 refractions 90°
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FigODoOogOodOooeoe Odoooood
The shape of the bend of 3 refractions 90°

R 0 a b c e t D
80A | 370 45|147.2|1370.3|296.7| 450| 4.1| 89.1
100A | 370 45|147.2|1370.3|246.7| 450| 45(114.3
150A | 430 45|171.0|357.4|2719| 450 5.0/|1652
200A | 490| 45|195.0 (3445|2470 450, 5.8|216.3
TableOOOOO90° OOOOOOO

The dimension of the bend of 4 refractions 90° O (mm)

R 0 a b c e t D
80A [269.7| 90| 99.3|300.1|250.1| 500| 42| 89.1
100A [325.6| 90(1295|239.2|1742| 500 45|1143
150A [479.9| 90(1909|365.6(270.1| 750| 5.0|1652
200A |6329| 90|251.8(243.0{117.1| 750| 5.8|216.3
TableOOOOO90° ODO0OOOO0O

The dimension of the bend of 3 refractions 90° O (mm)

R 0 a b c e t D
80A | 230| 90|1232|331.6| 270| 500| 41| 89.1
100A | 230| 90(1232|331.6| 270| 500| 45|1143
150A | 250| 90|134.0|567.0| 500| 750( 5.0|1652
200A | 310 90|166.2(523.1| 440| 750, 5.8|216.3
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The relationship between friction loss coefficient and Re number

1.00E+06[]

g ogoo

boboooboooobooooboooobooOoooon
coooOooooOoooobOoboOooboooooOoooon
coooOooooOoooobOoboOooboooooOoooon
coooOoooOoooobOboOoobOoOooooOoooon
coooOooooOoooobObocOooboOoobooOoooon
coooOooooOoooobObocOooboOoobooOoooon
cooboooomooooooboooooooOoooog
cooboooobobooooooooomooOooooog
coooOooooOooooboboooboOoobooOoooon
ocoo0OdOmmOOogoOoocooosSmmiOOoOoOooOoOg
ooooooooooooosOi1.001.502.0025m/s0
coooOooooOooooboboooboOoobooOoooon
ooooooooon

goboooboooobooooboooobooOoooon
coooOooooboooobboooboooobooOoooon
coooooobooooboboooboOooobooOoooon
coooooobooooboboooboOooobooOoooon
cobooooboobooooooobooboooocoooonog
oobO01a4D0000000O50DOO0OOOO0OOO0O
O@OoOooo1968Shubart 00 O0O0O0O0OO67D
OO0O0O0000000d(schubartd 1929

N

:tDDDDDDAH,,

~
~ _ 000000000 Booooan

~e {
o
~

N -
) 61D e
IL

1) oooo

OO0OO0O0OHOO

000000AH

nooo nooooo

FigOOODODODOOoOOoooooooood
Schematic drawings of calculation method
of the coefficient of energyloss in bend
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Fig.10 80A 0O 00225° DOOOODOOODOO
The relationship between pressure head and distance of 80A 225°
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Fig.1l1 100A 0O0O0225° DOOOODOOOOOO
The relationship between pressure head and distance of 100A 22.5°
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Fig.l2 150A 0O00225° DOOOOOOOOOO
The relationship between pressure head and distance of 150A 22.5°
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Fig.13 200A 0O00225° DOOOOOOOODOOO
The relationship between pressure head and distance of 200A 22.5°
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Fig.14 80A 00030 ODOODOODODOODOODOODO
The relationship between pressure head and distance of 80A 30°
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Fig.l5 100A 0O0O0O30° DOOCOOOOOOOO
The relationship between pressure head and distance of 100A 30°
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Fig.l6 150A 0O0O0O30° DOOOOOOOOOO
The relationship between pressure head and distance of 150A 30°

Tl - TF ¥
i - O Ae=d55534
LEEE b
ARs=10HE
oA s WM |“:_'::m
_,.E o BWia=11 235
7 i e IR
- lrl-.-I AR L ]
: e LTy
o 1
1“&.:'= -.-unn-ul.li‘l"-‘i-.l
i L CI TR v e R 0 ¢ T g,
EEEnE e 1 LN E
o k=

-iEn - ] TE [ :4] 1 [ ] (L] T it ([
il e H

Fig.l7 200A 00030 DOOOOOODODODOO
The relationship between pressure head and distance of 200A 30°
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Fig.l8 80A 0 0045° ODODOOODOOODOOO
The relationship between pressure head and distance of 80A 2
refractions 45°



118 gooooooooono2020d 020040

L}
o Lz aom . mw B3
=, A 15028
] &A=l
= e LI
e
et -
. ] v o 4 Gy ar LR LA
Ll s =
L]
17,

ER (ol

Fig.19 100A 0O0O0O45° DOOOOOOOOOO
The relationship between pressure head and distance of 100A 2
refractions 45°
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Fig20 150A 0O0O0O45° DOOOOOOOOOO
The relationship between pressure head and distance of 150A 2
refractions 45°
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Fig21 200A 0O0O0O45° DOOOOOOODOOO
The relationship between pressure head and distance of 200A 2
refractions 45°
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Fig22 80A 00090 OOOOODOOOOODO

The relationship between pressure head and distance of 80A 4
refractions 90°
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Fig23 100A 0O0O0O90° DOOOOOUODODODDOO
The relationship between pressure head and distance of 80A 4
refractions 90°
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Fig24 150A 00090 DOOOOOODODODDOO
The relationship between pressure head and distance of 150A 4
refractions 90°
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Fig25 200A 00090 DOOOOOODODODOO
The relationship between pressure head and distance of 200A 4
refractions 90°
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Fig26 80A 00090 DOODODODDODODODODO
The relationship between pressure head and distance of 80A 3
refractions 90°
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Fig.27 100A 0O0O0O90° DOCOCOODODDODOO
The relationship between pressure head and distance of 100A 3
refractions 90°
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The relationship between pressure head and distance of 150A 3
refractions 90°
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The relationship between pressure head and distance of 200A 3
refractions 90°
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The relationship between the codfficient of energy loss in bend and

Re number of 2 refractions 45°
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The relationship between the codfficient of energy loss in bend and
Re number of 3 refractions 90°
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Fig.35 80A0ODO225° DOOCOOOOO
The residual of the pressure head of 80A 1 refraction 22.5°
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The residual of the pressure head of 80A 1 refraction 30°
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The residual of the pressure head of 80A 2 refractions 45°
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The residual of the pressure head of 80A 4 refractions 90°
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The residual of the pressure head of 80A 3 refractions 90°
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Fig.40 100A000O225° DOOOOOOO
The residual of the pressure head of 100A 1 refraction 22.5°
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The residual of the pressure head of 100A 1 refraction 30°
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The residual of the pressure head of 100A 2 refractions 45°
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The residual of the pressure head of 100A 4 refractions 90°
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The residual of the pressure head of 150A 1 refraction 22.5°

T i ]
. n ik
T

!E i S
i m i e il i}
Mot l."-l'r W B R T T T
o e i PR
ol & Rachdid]

ELERT TR
-
i -
WoERE =

Fig46 150A00030° ODOOOOODOOO
The residual of the pressure head of 150A 1 refraction 30°
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The residual of the pressure head of 150A 2 refractions 45°
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The residual of the pressure head of 150A 4 refractions 90°
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The residual of the pressure head of 150A 3 refractions 90°
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The residual of the pressure head of 200A 1 refraction 22.5°
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The residual of the pressure head of 200A 1 refraction 30°
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The residual of the pressure head of 200A 2 refractions 45°
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The residual of the pressure head of 200A 4 refractions 90°
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The residual of the pressure head of 200A 3 refractions 90°
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Mean value equation, upper limit and lower limit equations of

the coefficient of energy loss in bend
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The relationship between Re number and flow velocity at

each diameter
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150A | 83612 167224
200A |111483 557414
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The coefficient of energy loss in bend of 1 refrection 225°
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The coefficient of energy loss in bend of 1 refrection 30°
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The coefficient of energy loss in bend of 2 refrections 45°
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The coefficient of energy loss in bend of 4 refrections 90°
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The coefficient of energy loss in bend of 3 refrections 90°
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Table14 OOODODOODOODOODOO
The comparison between this result and past research

W.Schbarto 0000 ooooo

oog ooooo |jooooo
00090°0a/D0 1.230 0.347 0.195 0.198
00090°0a/D01.190 0.294 0.120 0.094
00045°0a/D01.170 0.284 0112 0.123
30° 0.165 0.130 0.166
225° 0.154 0.066 0.057
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A measurement study of refraction loss factor in the steel pipe

TANAKA Yoshikazu, SHIMA Takeo, NAKA Tatsuo, MUKAI Akie,
and TARUYA Hiroyuki

Summary

In region of the high Reynolds (Re) number(Re=50,0000 500,000) , the coefficient of energy loss in the bend (
shape : Simple 22.5° |, simple 30° , 2 refractions 45° | 4 refractions 90° , and 3 refractions 90° ) of the small-
diameter pipeline ( nominal diameter : 80 A, 100 A, 150 A, and 200 A ) was measured. The cause of the disper-
sion in the pressure measurement was examined. As the result of the residual analysis, the flange connection
effect was bigger, within the multiple causes. However, it was judged that this problem could be disregarded,
because the dispersion of the pressure attenuated in the area from the flange junction to downstream. The
coefficient of energy loss in bend became an exponential function in Re [0 200,000, and it decreased with the
increase in the Re number. The coefficient of energy loss in bend separately showed the equation in the
region of Rel 200,000 and Re[ 200,000. The conversion table was made for the practical benefit. The result
was compared with the measurement result by Kirchbach and Schubart in region (Re=30,0001 240,000) of low
Re number. As the result, this experiment result agreed with these past results. Therefore, it was confirmed
that the coefficient of energy loss in bend was constant number, if the Re number is over 200,000, as
Kirchbach indicated it.

KeywordsO bend, coefficient of energy loss in bend, pipeline,
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