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90° Elbow Flow Meter I
——Effect of Excess Metal on Discharge Coefficient

Yukimasa OGURT*
(Received August 31, 1979)

The effect of wall curvature inaccuracy on the discharge coefficient
of an elbow flow meter, has already been reported in the second report.

The present report examines the effect .on the discharge coefficient
of excess metal on the inlet and/or outlet of an elbow due to the
presence of a welding joint. It is confirmed that the effect of inlet
excess metal having a relative height, §/D, of about 11 percent, attains
to 10 percent or so compared with the case of without excess metal.

As one of the countermeasures for excess metal, it can be assumed
that the flowmeter’s function will be more effective by inserting the

excess metal model into the inlet of elbow.

1. Introduction

For the study of elbow flow meters, the earliest experimental data found in the
literature was that of Jacobs and Sooy?, followed by that of Addison?, Lansford® and
Kittredge®. Recently Ito, et al.5® made an attempt to analyze the discharge coefficient
theoretically, and obtained results which agreed well with experimental values. The
authors™1® also have examined the influential factors dominating the discharge coeffi-
cient experimentally and theoretically. ‘

When a commercial elbow welded into a pipeline is used as a flow meter, it may
be predicted, from a practical point of view, that the excess metals will be recognized
at the inlet and/or outlet of the elbow. The effects of excess metal on the discharge
coefficients should be considerable. In this paper, the author has made an attempt to
account for this problem experimentally.

The present report deals with the results obtained by using drawn-steel tubing
commercial elbows having various excess metal models.

2. Nomenclature

a : radius of elbow
Car @ discharge coefficient, [Eq.(1)]
C; : discharge coefficient, [Eq.(2)]
Cp : discharge coefficient, [Eq.(3)]
4C4/Cq : effect of discharge coefficient due to excess metal, [Eq.(4)]
D : internal diameter of elbow (=2a)
Ds : internal diameter of straight pipe
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pressure head of wall

: differential pressure head between inside and outside of elbow-wall
axial length of pipe

: volumetric discharge

MO NS

¢ radius of curvature of elbow centerline, (Fig. 2)
R/a : curvature ratio of elbow
R. : Reynolds number (=V,D/v, v:kinematic viscosity)
S : cross sectional area of elbow
Vm ¢ mean velocity of flow
0 : height of excess metal
6/D : relative height of excess metal
# : angular position from elbow inlet

3. Definition of the discharge coefficient

The definition of the discharge coefficient of an elbow flow meter has been for-
mulated in three ways as follows :
1) Cir, under a free-vortex theory,

Car=QV x /{V2gh-S-(x— Vx*=1) (x*—1)} M
2) Cq4, under a forced-vortex theory,

Ca=2Q/(V2gh-S-V'x) @
3) Cp, under a head-meter type such as an orifice,

Cr=Q/(V2gh-S) @

where 7 is pressure head differential measured between the inside and outside elbow-
wall, S the cross sectional area of an elbow, € the volumetric discharge and x=R/a
(curvature ratio of an elbow). In this paper, the discharge coefficient Cs defined by
Eq.(2) is mainly used.

4. Experimental equipment and measuring procedure

The experimental equipment used for this study is illustrated schematically in
Fig. 1. Water pumped up from a reservoir by a pump @ flows continuously through an
overflow tank @), a flux control valve (3,

Rectifying tank @® Thermometer
Upstream tangent

a rectifying tank @, an upstream tangent © rump ® Eibow

@ overflow tank @ Dpownstream tangent.
®, an elbow ® and a downstream tangent g)) control valve Metering tank

®

@ into a metering tank ®), then goes back
again to the reservoir after weighing. The

water temperature was measured with a
mercury thermometer @ during each test.
The axial length of the up and down-

stream tangents, ® and @), were taken

about thirty and fifty six-times as large
as their internal diameter, Ds, respectively. Fig. 1 Experimental equipment

c2) Memoirs of Chubu
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The test elbows were provided with
90 deg. drawn-steel tubing commercial
elbows whose radius ratios, R/a, were 1.85
and 2.93 as shown in Fig. 2. Their basic
geometric parameters are summarized in
Table 1. We refer to the former as the
A-elbow and the latter as the B-elbow.
Piezometers (0.8mm bore) were fitted on
each inside and outside wall at a 45 deg.
location from the inlet (at OI cross section
of Fig. 2).

The excess metals due to welding were
approximated by acrylic-resin-made models
as shown in Fig. 3 and their typical dimen-
sions are given in Table 2. The height of
excess metal models, 6, were provided to
three grades for each elbow, and the re-
lative heights of them, 06/D, were nearly
equal to each other for the same grade.
Hereafter we put the individual numbers
2,4,6 on each grade of excess metal model
as shown in Table 2.

5. Experimental results and con-
sideration

5.1 Discharge coefficient vs,
Reynolds number

The discharge coefficients, Cq, of the
drawn-steel tubing commercial elbows
without excess metal are plotted against
the Reynolds number, R., in Fig. 4. From
this figure, it can be seen that the dis-
charge coefficients, Cq, vary as increasing
Reynolds numbers and tend to converge
to each constant value from the “Xx”
marking on the Reynolds number, so that
the value of this Reynolds number is taken
as the critical Reynolds number, R, of
the discharge coefficient of the elbow.
The numerical values expressed in this
figure are taken as the average value of
discharge coefficients above R...
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Fig. 2 90°-elbow
Table 1 Dimensions of elbow and
straight pipe
Elbow Straight pipe
No{R/a R D=2a| Ds Ly L2
mm mm mm mm mm
A |1.85/50.12|54.18
B |2.93[77.79|53.10 52.99| 1596 | 2966

19,

8=tr-2 )

$120
$114

Fig. 3 Excess metal model

Table 2 Dimensions of excess metal model

Etbow Mode! of excess metal
D d & r
No|R/a mm No mm| __mm| mm 8/D
2]50.26 | 1.96 [1.0] 3.62x107
A|1.85|54.18|4 | 46.26 | 3.96(2.0] 7.31
6| 42.24 (5.97|3.0/ 11.02
2149.16 | 1.97 [ 1.0] 3.7
B|2.93(53.10]4|45.14|3.98(2.0| 7.50
6|41.14[5.98(3.0/ 11.26
1.1 T T
R/a=1.85
P =y : 0.945
(8]
0.9
1.1
R/a=2.93 989
1.0 ;g_—,'—-—e‘—“-_—eﬁo:&—-omomoo?ﬁ»
WO L LTI
1

5
0 15 2 3 4 6 8100 15 2

Re

Fig. 4 Discharge coefficient against

Reynolds number
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5. 2 Effect of excess metal on the discharge coefficient

First of all, the author confirmed how

1.1 — '
much the excess metal on either inlet or R/a=1.85 ‘ gg:g; 882‘9’:
outlet of an elbow effects the discharge -0 ] /: 3 |
coefficient of the elbow flow meter ex- 0.9 FoL /v—;,vVVV : v(6-0) 0.954 -~
perimentally. The obtained results are 80.8 ol I | H l
shown in Fig. 5, and the above results are 1o “(ol-o) 2}812318;32‘7’:

represented by two-dot-dash lines. The

g 3 - 7 Pt |
bracketed numbers denote the attaching - 08 A(o-S)‘ 0.933 -

condition of excess metal model, e.g. “(4-0)” 0.8 |

SN

shows such condition as the inlet of elbow
having the No. 4 excess metal model (see
Table 2) but the outlet not having one.

|
-2 0
From this figure, we see that when ‘-’1 ’ [ |
the excess metal models are fitted at the o (0-0) I | I ' , |
. 1. = DS s A — |
inlet of an elbow, both discharge co- — o (0-2) —
efficient curves become more gentle than 0.9 A7 igg:g;}'-o'o::
that of “(0-0)” and the convergence of 0.8 ‘ o
. . . . 10" 15 2 3 4 6 8 10° 15 2
the discharge coefficient is excellent. The Re

average value of the discharge coefficients Fig. 5 Relation between C; and R, (excess
metal being inlet or outlet of an

decreases gradually according to the in-
elbow)

crease of the excess metal height, 6, and

for the case of attaching the No. 6 excess ~==R/a=2.93

metal model, the decrease of its value is

remarkable. 7%[%4{;-:[:4—
In the case of the outlet excess metal ) 12x18°

model, the discharge coefficients of the 0-X)

A-elbow (R/a=1.85) varies considerably _

and their convergence becomes worse, but
for the B-elbow (R/a=2.93), their curves Fig. 6 Relation between 4C4/Cq¢ and 5/D
fall into approximately a single curve, in spite of changing the height of excess metal, 8.
Figure 6 shows the relationship between the relative height of excess metal,
0/D, and the effect on the discharge coefficient due to the excess metal, 4Cs/C,,
defined as follows:
4Cy/Ca= (Caiyi = Cao)/Cao, (1,7 =2,4,6) @
where Cs stands for the mean value of discharge coefficients not having excess metal,
and Cy,; for having it, in which case the subscripts 7 and 7 denote the additional
condition of excess metal as the former having it at the inlet and the latter having
it at the outlet. The “(X-0)” marking in this figure shows the condition of inlet excess
metal model, and the “(0-X)” that of outlet.

As obviously seen in this figure, the effect on the discharge coefficient due to

(4) Memoirs of Chubu
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excess metal, 4C4/C4, depends on the relative height, 8/D, and for the inlet excess
metal, the effect, 4Cs/Cq4, decreases with increasing 0/D, particularly for the B-elbow, the
effect, 4C4/Ca, becomes negative at 6/D=0.11. When excess metal exists on the outlet
for the A-elbow, the effect 4Cs/C4, also becomes negative at 6/D=0.11, but for the
B-elbow the effect is maintained at an almost constant state.

1.1 - 1.1

T T T-T 17T T T T T°7T T
R/a=1.85 X (2-6) 0.963—- R/a=1.85 ’ | ’ 'n(z.-z) 0.993 -—-
o (2-4) 0.953--- 1.0 [ op==-0s= Dri=0-00000 0000 ===
T O .

TX

1.0

i ]
0.8 x(6-2) 0.972~-—

©(2-2) 0.935—

0.9

0.8 0.8
1.1 1.1
3 © (4-2) 0.993— S i
1.0 - -.*.«- 1.0 /4:"7
0.9 X (4-6) 0.978— 09 [ ALz © (2-4) 0.953—|
0 (4-4) 0.976-- L™
0.8 0.8 |7
1.1 1.1
(0-0)
1.0 s — 1.0 = Ly
0.9 | 0.9 2% | L 111 [
o o (6-4) 0.976--- o= /) o (4-6) 0.978---
{a) -
0.8 |7 x (6-6) 0.975— 0.8 LL/ x (6-6) 0.975—]
% o (6-2) 0.972— B ® (2-6) 0.963—
0.7 [ | 0.7 111 L
10 15 2 3 4 6 810 15 2 10 15 2 3 4 6 810 45 2
Re - Re
(a) Inlet excess metal is constant (b) Outlet excess metal is constant

Fig. 7 Relation between C; and R, (excess metal being inlet and outlet of R/a=1.85 elbow)

1.2
1.2 rara 03 T R/a=2.93 ‘ ‘ ’ l T
as o 1.1
11 2(2-4) 1.008-— [ o (2-2) 1.003—
I ’ o (2-2) 1.003—] 0 ) 1.
1.0 L | | |62 0.997---
0.9 1 I ’I/__,__x X
03 L,/-/’fc X X (6-2) 0.893—
0.8
11 ]
3 1.1
1.1 S ©(2-4) 1.006—|
. O (4-4) 1.006---] 1.0 — Aoz 00—
1.0 A RTINS IS TR e — /’ —==07 Ji(““t) 1.006---]
o X (4-6) 1.003—-— 0.9 -7~ por ————
09 L% © (4-2) 0.997— == X (6-4) 0.892—
1 0.8 |x=1—
T |
(0-0) 11
1.0 i £ (0-0) loa o (4-6) 1.003---]
| | | o 6-2) 0.893— e
0.9 P o | © (2-6) 1.001—
gt (6-4) 0.897 sl ' | '
0.8 % 0 (6-4) 0.892--- 4 ] Lk_lf,‘_.*—x—m-xmmx_._
X } x (6-6) 0.890— 0 ’J =" | X (6-6) 0.890—
] Ll B 1] [ T1]
o7LLL : 1 |
810° 15 2 3 4 _6 8100 15 810° 15 2 3 z 6 810° 15 2
Re Re
(a) Inlet excess metal is constant (b) Outlet excess metal is constant

Fig. 8 Relation between C; and R, (excess metal being inlet and outlet of R/a=2.93 elbow)
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In the second step, such cases were

examined where the excess metals exist

on both inlet and outlet of an elbow, and

the obtained results are given in Figs. 7

to 9.
When the height of excess metal, 9, AR oo
is kept constant at the inlet of an elbow _I:L\R/a=2,93 ¢
but altered at the outlet of one, it can be —é" | ] -:;
seen from Figs. 7 (a) and 8 (a) that the (a)

variation of the discharge coefficient curve

©-6%

R/a=LBSI %T [l l ’ I
o T
<

T

.

I R

| o
/ 6 4 2 )] 2 4 56/08 |p 12x0.01
However, when the height of inlet / -2

on each inlet excess metal grade tends to

be identical approximately within 3 per-

cent deviation. 12710

excess metal is altered and the height of 1/ ot “ o
_'\R/a=2,93 °

7

outlet one is kept constant, it can be seen
- i

from Figs. 7 (b) and 8 (b) that the effect 6,’ ] |

of inlet excess metal on the discharge
coefficient appears clearly with increasing
the height of inlet excess metal. Particu-
larly, for the B-elbow (R/a=2.93) having
the excess metal model of No. 6 at the

inlet, the discharge coefficients decrease

considerable and the effect extends to

about 10 percent at maximum.

Consequently, let providing the excess
metal model of No. 6 (6/D=0.11) on the
inlet of an elbow, the discharge coefficient

Fig. 9 Relation between 4C;/Cy and 3/D

may be stabilized by the inlet excess
metal.

Figure 9 shows the relation between the effect on discharge coefficient, 4C4/Cy,
and the relative height of excess metal, 8/D, in the same way as Fig. 6. From
this figure, the foect of the No. 6 inlet excess metal model of the B-elbow (R/a¢=2.93)
becomes negative : i.e. this means an increase of the differential pressure head, %,
measured between the inside and outside elbow-wall, thus the discharge coefficient is
reduced.

6. Conclusion

When a commercial elbow welded into a pipeline is used as a flow meter, the effect
on the discharge coefficient, 4C4s/C4, due to the excess metal which arises at the inlet
and/or outlet by welding joint, appears clearly with increasing the relative height of
excess metal, 6/D. In particular, when the No. 6 excess metal model (6/D=0.11) is

(6
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inserted into the inlet of the B-elbow (K/a=2.93), the effect on the discharge
coefficient becomes negative.

When the height of excess metal, 0, is kept constant at the inlet of an elbow, the
variation of the discharge coefficient tends to be identical within about 3 percent
deviation, in spite of changing the height of outlet excess metal as 6/D=0.04 to 0.11,
and it can be seen that the inlet excess metal acts as the stabilizer of the discharge
caefficient.

Hence, it is shown that if an elbow welded into a pipeine is used as a flow meter,
this meter’s function may be more effective by attaching the excess metal model of

0/D=0.11 into the inlet of an elbow.
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