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Effects of Secondary Flow on Discharge
Coefficients of Bend Flowmeters

Yukimasa Ocuri*

(Received May 8, 1989)

Discharge coefficients of bend flowmeters are affected by many influen-
tial factors. In our previous papers, some of these factors have been explored
theoretically and experimentally. The effects of the secondary flow on
discharge coefficients, however, have heen not clarified enough. This investi-
gation, therefore, aims to make evidence for the above effects by setting the
fence which reduces the secondary flow, and also by using the flow visual
technique.

When the above fence with a height of 6 mm is placed in the bend
flowmeter, the discharge coefficients are almost constant within 0.5% error
and the critical Reynolds number decreases about 569 from that of the
general bend meters with noyfence.

From these results we might tentatively conclude that the reduction of the
secondary flow induces the stabilization of discharge coefficients and the

enlargement of the reliable usage range in practice.

FORBOWI £ % BCHF R ERT 272077, L

Nv P RERE, BEEOMS D HMONNERICEL S
FEHE2FIALT, ENREZIETIEETHS, &
NIRRT 2 H32IE, 1911 21 Jacobs & Sooy iz & - T
BICHRE SN TLISE, Lansford?, Addison®, Mur-
dock 59 B k- TIThN T & Tz, BRI T
Y, FEo DS 5, EE O, {EROPERI
BOTWERPHMBAI N TOROIEE, H50IERE

M1 %%} (Department of Mechanical Engineering)

L, FEO%L OFRICBWT, MR EicEC 32
WS, R FRBFFOREMRFCHTIL, EDLIK
EEERITTPIIDNTIL, EEOHBRED IZBLTWL
FICREIN TR,

AFFSEIE, IESTEHIE O 90~y FIREEF 2 AW, 2D
BN O TR IRFNEA R ORI E IR D T T,
PSMEE D154 - BT R A P IRE RO SRR
iR, RO WEESORRE LU T, ZRith
ORI X D BRI Uiz, S O IR X

(1)



2 71N

3 ZIRFN ORFFROEHI L 23RS, BROBHEC &
2 TEPREEDOZALZEE S M LTz,

=
a 1 IEATHTEE ONAROF5T
C, . REMRE (R(2)
Gy - EARER (1)
AC, . HHBED C, L NBED Cpok DE
d : EESTEHMTEE OWNEE (=24a)
H BFE~» ¥
ki NOVEEA~Y N2
L EhlERa
Q:HE
R Bid3 0 oo R
R/a : s DI FEL
Re:vA I WRE=Vud/v, (v: Bk
Re, : BRI —FIT R BRF VA 2V
S 1 DS D ORI = o
Vi - BPIEREE
V, B
Vy @ TIRHGREE
z : EoE &
6; : Bips D ERALI &L D DAY A
AL EEOEEERRK

3. EEROEECFHE

3.1 KEREE

EEEEEOWME RN 1 1283, R AOTIHAELY
EHROIINS v 7@QEIET SNTAKIE, —EKAL
RN T S REFHEROBRTERSY > 7@ITA
D, DWTERAEE®, N FRESH®, FREESE
@EB-THERS > 7 ICHAT %, K3 I THREH
EINTHURZKEICL Fa3nb, RBEIHROEED,

@ Pump ® Upstream duct

@ Overflow tank ® Bend
N ® valve (D Downstream
@ Rectifying duct
tank

|
|
4
|
i

1800
1000 8;

Al Oy 6
Oy

@/ b
o
7

T To
Reservon— measuring
tank

{

Overflow pipe

4259

T

1 EBREEOME

®OOE E

D, FIE d=50.00 mm DL E = VEUE TN
BEEAY, ZONEIKIFRC L2000 TH 5,
Mo R# T EEOOWEA TIX, ZO0OMEC 4 BB
BIEFL FUE 1.2 mm) RERRECET CRYE~Y
K H, RHEEL, 2heEMEE UCiby ) ERsMEER
DESGFRERD T2,

3.2 #ERRESt

ARG\ IZIEATEME D 90°X > FiER 2K 2
WY, KiZT TR eENCERD [T 2REERL
T3, EERIGBHNFEROZ\IRETIT- 72, 3%
bb, FESFADLY OB A 6% 22.5, 33.75,
45.0, 56.25, 67.5°7 5 BIEMTE (KF? a,b,c.d, e
Wi ) % & 1), BRI AL & ST S & o L &
& x-x B O PEEE] & ALEEE L W BEERIE AL (FLEE 1.2
mm) 25, FHENOES~Y REBHEE L2, DV T,
LEOHIEFAIE I IER=FLE & (& 2.52 mm,
FLE0.3mm) BHALT, JWIEICHIT 2B R
B V, 8L U LB TEQMEREIES y-y B
D, PEELSEBEDFAICTN S IRFEE V, 2HlE
L7z,
WIZRRZRT & 5, ot Do FEE e TeE o
L, HEREEROMINCH-> T 1 mm OERYED, 2
HoWBR (B& 1 mm) 2ZEYAHT, 2O SV
R EEFTH 2, IROBESI1Z6 mm & 12 mm i
Ute, #DEEIX 4.2 THRS,

R/a=6.00
e

d
\

. = telmm|

a_ / \
JRK
@ \&\ \\

|
oLje
L

[
P
0
|
t
||‘
I
‘\
{

T

Fence height:
z=6&12mm
2a=50.0mm

22.5°[d] ssJ

33757 e | 675

45
Upper
Outside ’7/ Inside
ﬂifzj

Lower

T
i
2a

t 8
a

b

c

Fence .
K-K Section

2 R & 907~ FifEE
HpER AR AR R



N FREFHORBHMICRITT RO BE 8

3.3 CHEESEICK WYL

R X BRI IE, SRIROTRENREERIZ L A YEL
FTZEREBT A I ENTES, LL, Tk
FEEL OFENLHEHEITE R WO T, BEEEE TN
LRGN OREERTIRB1213, BRI FETH2 L »
PSR
EEICRZIBTFEST 74>, A—RUEEE, 44
ViR, BRI 45 4 0 1 OEIETRS U-EETE
DL, InED D EO THEEHE I Y— 5w
Bwwgfmliz, 5B, BREREELENC, EORAFRGR
PHEREICERRISNB XD, horUnHEaBEL Tl
&SI EIFTB Wz, RICERIKEEIBIREE TR
W W, REHEOHE: CaEEIWTKERL
128, W IIBEAERER 2 ~ 3SR THERED 2 m/ s
WL Tz, I OIREER 5 HRREBL, 2 ORICRA
TR L EEIE 21T o Tz, HEEEROBHEY &
BIZU720ICBE T & i, BRI 2 4 CORARAR I35
bERIC e B, TNDIETHRIIS AW B, 20K
REFFBE TEDL SR T2,

4. EERRR:EE

11 ENHTESRENOBE

B8 D BPNSLBEDIE ) 05 2383 T, WA TERS
BN CR VT2,

L. HiH,
G A T (2 g) 1)
ZZT, LAZE 1 OE A 25, X2 O 0 SREEEH]
EWTE a, b, e , e ETOETEMR S, H, 3HE

AWZBU 2 PR~y N, Hix LOESEORERE
2B HNBEE 72 ISR DBEE A~y ¥, V3B O
ERNTEEE, L IEETOEERCH S,

3 (@) IZvA / WVAE Re= 8 X10492BW\T, FEtR
DERC L2 COoFEE, B0 A 6L TRL
72bDTHD, £, HEBED C,LNBED C,LDE%
ACEL, ZOBEREREM () I2RT,

FEIM & © R DEEI & 2 Califg 2 g 2 &, 418
T HTEEOER 27T izt LT, WEER TlEkg
WE BT 72858, CoHRITIITACEIZ R, BiRO\
EE0 CGOEIIIS 2 Ts B, —F, JMBE L NEEDES
REDOEETTACHE TR, BREZRT IS AC,D
B ZNDREE X DRIS%ARERD, INIEER
BB & 2 IR OEEDIRN T, RNSBEE~Y
FEOENEEWRL, REFtOHERErm 352
L2535,

R/a=6.00 Re=8.0x10"
0.6 I
Outside wall
0.4 }—— =
Z=12mm [ E,)_\*D\
0.2, i
0 Z=6mm
a
()
-0.2
N ‘ S,
-0.4 - Sgpam— L e
- 1
06 Inside wall
-0.8 S — . - "
225 33.75 45.0 _56.25 67.5
(a) !
1.0
QO.B
()
o6
0.4

(b)
3 BATD ERRSLEEDIE S S & A Ca A

4.2 HESDH L RBENDRE

F P D RO B ST L, 3.2 Tz
vy il (2 2 218) 281> T, PIBEE] X SHEEEI 0 A
T2 ZIRENEE V, &, SEEWTEC o1k, &
WO RENFIHEE V, CERTEL TR 4 1mT, [
M CHREROIEDOMEEE &, T REEERTEE 0D & DR &
WZHENTWELS, IEORESIZHL D EBONEEHI L D
SHEERNC TN B IR R, BOFEBRIIIEER L D BT
ORI > THREEHIC LS R E R T, Z LT
K OB, RO A SRS 2B 2
AISRET, BEED LR E TOMEEE 0 £ T 5, o Wl

BV G,=45.0~56.25"THRA LD, #9112 mm Th

2770 L7z35 T, 3.2 THBAFROEE z 1312 mm
LZFO¥530 6 mm O 2 BEICEREL I,

R/a=6.00 _ 4

Upper Re=7.7x10 Vo/ Ve

-01 001 -01 001 -01 001 ~01 001 -01 00
— e —

1.0

05 —--

o
~
[

a4 #p7) B K F AL E A

(3)



4 SNEOEE

IR EFRROR 2 12R3 X D Wl F, v1/
WAE Re=8.0X 104 CEBE 1T 7o H5 1ZHSD &
BWEIC B 2 ERAAEE V, ®, EAVEEE Va
TERTL U EESR 2R LIz b DT, HRD-ORF
W% S OEIATTREAG 2 HEE L Th 5,

M D R 23R 1B E OHEESF I, BROE R 2
ORI b & FTIRIEREEOE L E R T, BROEE
WX BEERHLDL Y, 6,=22.5~33. 75 CREENDT
WTH B8, 6;=45° % D THROME TR D25
FTh b, HHIRIZIRFN OB & > THEHID
EREEE 2 { 2D, BREEAE b IfHmc BT
T, EESEIROZ D & iz 2td 3,

R/a=600

Re=8.0x10*

Qutside Va/Vm
o 0.8 1012
.0 13 G
. A
0.5 I e S
o d
~ : |3
il v H It
0 : I
-05 ] 7w
-
"
-1.0 | .
56.25" 675" g
Inside i
(a)
R/a=6.00 Re=8.0x10"
Outside € Ve/Vm
08 1.0 10 12
1.0 /gr T s
0.5
o
S
O
0
-0.5
-LO o - o‘ °
225 45 56.25 675" o
Inside

5 [T ) EROE BT EE E A

4.3 ERFRE

XY REEFTORBHREICIE, BEEERSY, EHkE
BHRY wkab Dk, Y HREFcE 2 R LELUOTE
WX 2 HDOD ITENDH Do FFCTIE FEEIERM
W7 R O RRDRERRE C, 2 HHT S,

C,=2Q/(V2gh-S-vVR/a) (2)

ZIT, QIIIRE, hI3RSEE~Y FE, SIFHMD
ERDOFREIATERE, R/a i3S EOREILTH S,
BHOS D ERD 6, =45 WREIZ BT B ASBEE~Y N & &
WZEDWT, R2)& D IRERE C. 2K, ThEr A/
WAEE Re LBROBHIIGL TH 6 OFERE8E72,

(4)

., Rra=600 8i= 45.0°
. T T T I T 1 T Cd
1.0 Z=6mm
) N ;
,O,o—"CD—O-O'OCDOFQmO—o,gn
0.9 |
z=12mm
1.0 .
S —0—@T obbbl 0963
0.9 I
z=0
1.0 x
WQ“
0.9
0.8
0.7 i L 1 L )
10° 15 2 3 4 6 810° 15

Re

6 MERECEV A /N XEReDERF

Mk b Calix, Re OBIMzfE->TERL, KF
DOXENREL D IFIZAFEER Y, ZRLUED Re §FET
CRFNTN—EBLER D, TDXHIED Re 2FiB%
BB 2[RV A S VAE Re b\ D o & CHlRO%E
MW ZD Rey LA ED Vv A4 2 VAEIZBIT 5 C,0FH
18, 3 b b EIRRRIC, 2T T, & CHHRIIRERD
B X 228N, TRENOBAC X 2 FRERE
~NOFELSPRE R T2o IBRFV A /WA Reyo %
L, BROKRWES (2= 0) Re,=5.2X10*TH %75,
PR 2 RRE L CIRFINERA S5 L, 2=6 mm D
BE Re,=2.3X104: %156 BIgA L, z=12mm Tk
4.0X10*#9 23 %W L, v A 2 VABDIEEFT
FHTED W25, %7, JRIMERBOITS D XREE
BPHBE, 2= 6 mm DFESFIESDOER 0.5 BN L&
bEEL, REFFOEEBE XA LT 2, Lol 2=12
mm DBPETRFTIETS D ENHL R D, ZOREL
Y, X FHESHCBWTE X z 556 mm OfFREERT
17358, RBHREOTSDEIZ0.5%UAREDRL, R
By g VA Re,b/NS {7p 0, FiBEHE U CHIESE
EMNEL, ReDIEWEFHTHEATE S Z &I 2

272,

4.4 HEEGRIZX ZAEIE

HBgE T L iz D BOBRTROBE L,
AR 6,=22.2, 45.0, 67.5° DERIHEICE TS RA
FHEDERE PR T~ 9 R T, CNODEEEELD
BR DA L 2 FRFFHME & BOKXK/NSHED® 51,
8, 9IZHBNIFHRFEOERADOB L, FRRORE
& B ZIRGEIRD OBCRR T 5 LB 5 b,

HEORATRER S AR, WALS LD

ARk T AR B



3 R REFOR BRI T KRN W 5

Db T, EEERHBHIZEINTHERNE I THD, weEZ B H, M5 OEEHFEEMEOFREREE
AR OTNOEE, D ENOBEELT  TlEinss iz, FEORATEOMERAE ORI, kTN
KEL LN TWT, HEICBEmRATUR & 13—l 7z OB L IEITHG L T b EHERIT X %,

R/a=6.00 z=0

-
i:38°
j 48
k:395
7 AT Eo UK F AR AR (2 =0)
|
€ R/a=6.00 € -
. ¢ z=6mm —
— (i:395
Fence {j : 29'05
k: 26
a
- it 31.3°
{j’: 28.8°
K: 237°
T l ° ° -
+is lo
8 A B> KA AR (2 = 6mm )
R/a=6.00 € |
i:32°
jr 33°
k: 31°
i": 29.5°
j': 28.5°
K: 31.6°

B9 fip ) o KF AR R AR (2 = 12mm)



6 NEOEE

5. B =R
ghAS D 2 R/a=6.00 OIESFHE 90~ > F§

iRV, 3D EO_ BB X TEEO IR E O

BREET, 2OEE% 12mm & 6 mm iz LU CEE%

T, RO OES LU T, ZIRENOBERIC &

LEERTN, ROGERERT

(1) FROBEIC LD, HOSDEMONNEEZITKRE S
7D, VA4 2 IVRE Re= 8 X102 HBWT, 5 %8
T 5,

(2) B & 2 ZIRENERD OB AEE A\ OFE
1%, B D AASTHITE LD TR CEE RN, EESH
BRERORD 5 s, £z, RERE~D
FERHDL E, BROEL 226 mm DEE, RED
EeOSIHTLEAERLRD, 0.5 BLITFOEETRE
EX QEIETREIC R 5, SRRV A/ VI Re,
DIEX, 56 %R L CEREFBIAL 25, 2=12
mmOBEE T, HREDOIXSD ZPKELZ B8, Rey
DIEKT 23 %W 5 %,

(3) HERIC & B & RN OTHRLORER, BRATHSR
OIERIE DR/ E ZIRFTNOER & 1%, EIENET 5
Bfrichs eEZz5ND,

X

1) Jacobs, G.S. and Sooy, F.A., New Method of Water
Measurement by Use of Elbows in Pipe Line, /. Electricity,
Power and Gas, 21 (1911), 72.

2) Lansford, W.N., The Use of an Elbow in a Pipe-line for

3)

4)

5)

6)

7)

8)

10)

1

12)

13)
14)

Determining the Rate of Flow in the Pipe, Univ. Illinois,
Engng. Exp. Station, Bull., No.289 (1936), 1.

Addison, H., The Use of Pipe Bends as Flow Meters,
Engineering, 145-2 (1938), 227.

Murdock, J.W. % 2%, Performance Characteristics of
Elbow Flowmeters, Trans. ASME, J. Basic Eng., 86-
4 (1964), 498.

eSS, 360"~ FRESHZ B 3 MBS, #k, 31228
(FZ 40-8) , 1209.

R E, 360> FIEEEFORERE, HH, 43-376 (65 52-
12), 4562.

PR 1T 2 &, 180> FREFHOMERE, FLAREED
LIRS, 47-409 (1981), 1.

FEE - E 4 4, 900~ FREFTOMBRE, HILAFEEHN
SRFEFTRE, §0-432 (1983), 61.

-0 2 8, Ry FREF OFERAERECHET 5 —F5,
FALAF R E ST EPIFRFHRE, 59-480 (1988), 17.

INER, 90"V RFEFE, FETEAEAE, 11-A(BE50-1),
23.

Rk« &34, TVRREHOME (D EORREE L
EficonT), . 43-372 (BB 52-8), 3037.

INEE, 180" > FIREFT (Bl R AIEWTEIC 0 » ) , B,
53-496, B(H5 62-12) , 3655.

i, B Z 0GR, WROPE, 23-1 (1971), 268.
R, MAOBEIC KT 2HEEE, BROE, 231197,
261.

R RS T ERC R





