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PURPOSE 

The purpose of t h i s  progress report  is  t o  summarize i n  one 
source the r e su l t s  of t e s t s  conducted t o  date on the  Sparling 24-inch 
open-flow meter. The present se r ies  w a s  made t o  evaluate the regis-  
t r a t i on  accuracy f o r  various flows, approach conditions, and two s izes  
of straightening vanes. The s t ruc tura l  properties and design pr inc ip les  
involved were not investigated. 

PRELIMINARY CONCLUSIONS 

The reg is t ra t ion  accuracy of t h i s  meter i s  depandent upon the 
upstream approach conditions and the use of straightening vanes. When 
adequate vanes a r e  i n  place imediate1.y upstream of the meter, accuracy 
is b e t t e r  than plus o r  minus 2 percent f o r  flows from 2 cubic f e e t  per 
second t o  27 cubic f e e t  per second, regardless of the  angle of approech 
a t  t he  turnout and with f u l l  gate opening. 

The percentage accuracy range is not appreciably affected by 
the s i ze  of straightening vanes used, 8 inches o r  higher, but the  mean 
percentage accuracy is dependent upon t h e i r  s ize .  

The meter must be attached t o  the  mounting brackets p r i o r  t o  
opening the head gate f o r  any flows over about 7 cubic f e e t  per second 
because the force  of the  moving water prevents safe  positioning. Over 
a r a t e  of 10 cubic f e e t  per second it is v i r tua l ly  impossible f o r  two 
mien t o  i n s t a l l  the  meter. 

THE INVESTIGATION 

General Description of the  Meter 

The meter and mounting brackets a r e  shown i n  Figure 1. 
Aluminlm is the  pr incipal  material, being used f o r  the  three-bladed 



are  a lso of cas t  alumjnum. Mth  brackets ins ta l led  at  each measuri.ng 
s ta t ion,  the meter may be trunsported wherever needed arid quickly 
anchored in  place. The top bracket has provision f o r  a lock t o  prevent 
removal by unauthorized persons. 

0 

The regis ler  a t  the top of the  tubular colt~mn shows the t o t a l  
volume of water which has passed the p ~ o p e l l e r .  A transmitter can be 
provided t o  t o t a l i ze  the Sl.ow a t  some point removed from the mettsuring b3 
s ta t ion  o r  -to make a recording of flow volume. Registration may be :Ln 
acre f ee t ,  a s  i n  the case of the meter t es ted ,  acre inches, m i n e r s  i nch  
hours, miners inch days, cubic f e e t ,  o r  gallons. 

The meter i n  correct  operating posit ion i s  shawn i n  7il;ure 2 .  
The out le t  pipe must be nearly f lush with the t a i l  wall i f  there i s  t o  
be suf f ic ien t  clearance between it and the tubular column. Such a set -  
up w i l l  place the propeller f u l l y  inside the discharge pipe. The ax is  
of the propeller should coincide with t ha t  of the  discharge pipe. 
Submergence a t  the pipe face must be complete, and a minimum velocity 
of 0.5 foo t  per second i s  required. 

Meters a re  available i n  s izes  f r ~ n  14 inches t o  72 inches. 

Test Procedure 

The meter was ins ta l led  a t  the discharge end of a 24-inch 
pipe 23 f e e t  long, a s  shown in  Figure 3. Control of the r a t e  of flow 
was accomplished with valves i n  the main supply l ine .  The turnout 
gate i n  the  head box was kept f u l l y  open for a l l  t e s t s .  Water l eve l  i n  
the t a i l  box was controlled by a t a i l  gate, and was never allowed t o  
drop below complete submergence of the pipe. Ebrly t e s t s  a t  low flows 
were made i n  some cases with a bare minimum of submergence; l a t e r  t e s t s  
were made with a t  l e a s t  1 foot  i n  excess of t h a t  required. 

Registration of the meter was compared t o  the measurements 
made with one t o  four  venturi meters, depending upon the r a t e  of flow. 
These venturi meters had been calibrated volumetrically a t  an e a r l i e r  
date.  The time element was measured by a stop watch. 

With the pipe flowing f u l l ,  and t a i l  water depth above the 
minimum, suf f ic ien t  time f o r  s tab i l iza t ion  of the r a t e  of flow and 
elimination of excess a i r  was allowed pr ior  t o  each t e s t  run. The 
length of each run w a s  determined by the time required f o r  at  l e a s t  
one-tenth acre-foot t o  pass the meter. For most high r a t e s  of flow a 
considerably greater volume than t h i s  passed because of the time con- 
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sumed recording venturi  readings. Whenever the  resu l t s  of a t e s t  were 
abnormal t o  the indicated trend, the t e s t  was repeated. I 
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conditions and two vane eizes, ' i n  combinations. ~ern~orary-  wing walls 
were b u i l t  in to  the head box (see Figure 3) t o  force the water t o  enter  
the pi:pe from different  directions.  With the left-hand w a l l  removed, 
and the back and right-hand walls i n  place, approach was at  90 degrees 
t o  the pipe axis  from the l e f t .  Removing the right-hand wall and 
replacing the one on the l e f t  produced a similar approach from the  
r ight .  Leaving the walls on the r igh t  and l e f t  sides i n  position, and 

4 removlng the back wall, allowed the water t o  en ter  the pipe along i t s  
axis.  The t w o  approaches a t  90 degrees t o  the pipe ax is  are  thought t o  
create more severe conditions than any which w i l l  be encountered i n  the 
f i e l d  . 

Three vanes of 12-gage galvanized i ron were employed i n  l a t e r  
t e s t s  a t  equiangular spacing t o  reduce the e f f ec t  of s p i r a l  rotat ion of 
the water introduced by an unsymmetrical approach, Figure 4. Each was 
fastened t o  the pipe a t  only f ive  points t o  avoid inordinate disturbance 
of the boundary flow. The fastenerc were made of 3/16-inch s t r ap  iron. 
The downstream ends of the vanes were ins ta l led  coplaner with the 
upstream end of the meter. 

Test Results 

The f i r s t  se r ies  of t e s t s  was made with no vanes i n  the  p i p  
f o r  three approach conditions, normal, l e f t ,  and r igh t  approach. 
Figure 5 i s  a graphical summary of the ser ies .  The r e su l t s  of each 
condition show a c lear  separation i n  re la t ive  posit ion so as t o  leave 
no doubt a s  t o  the importance of maintaining control of the  approach. 
Presumably, other curves could be produced which would l i e  between the  
l i n i t s  of the upper and lower curves f o r  intermediate angles of approach, 
and probably with no greater  range than those shown. The scat ter ing of 
points ~t low flows i s  an indication of the re la t ive  i n s t a b i l i t y  of a 
system wj. thout vanes. 

An approach from the r igh t  caused a vortex t o  form i n  the 
head box w i t h  counterclockwise rotation. A t  low flows the forces 
producing the vortex were not great enough t o  make the accompanying 
funnel vis ible  i n  the p l a s t i c  pipe section immediately downstream of 
the head xall; at bigher flows, however, the funnel appeared well into 
t h i s  section 8s an osc i l la t ing  a i r  sp i ra l .  The same direct ion of rota- 
t ion  prevailed a t  the meter nose, and a s  can be seen from the shape of 
the propeller blades, a retardation of rotat ional  velocity resulted. 
Thus, the meter tended t o  reg is te r  low. 

e For an approach from the l e f t ,  the  vortex rotat ion w a s  
clockwise with a s imilar  a i r  trail i n  evidence a t  high flows. The 
angle of force on the  propeller blades was then ateeper than no& 
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normal f o r  any given flow. Thus, the  meter tended t o  r eg i s t e r  high. 

If the l e v e l  of normal approach is  accepted a s  a base f o r  
corngarison of curves, then the  e f f ec t  toward re ta rda t ion  t o  a constant 
lower angular ve loc i ty  i s  considerably g rea te r  than t h a t  toward accel-  I 

e r a t i on  t o  a constant higher angular veloci ty .  

The second s e r i e s  of t e s t s  was made with two s i z e s  of vanes 
t o  evaluate the  correct ional  e f f e c t  of t h e i r  use. A s  shown i n  Figure 4, 

u 
the  f i r s t  s i z e  used was 10 inches high. This s i z e  l e f t  only a 4-inch- 
diameter c i r c l e  f r e e  i n  the  pipe. Later  the  s i z e  was reduced t o  an 
8-inch height which the  meter manufacturer considers adequate. The 
s e r i e s  is summarized graphically i n  Figure 6. Tests  were l imited t o  an 
approach from the  r i gh t .  

Here again the  curves show c l e a r  separation i n  posi t ion,  
indicat ing t he  influence of vane s i z e .  The s t a b i l i t y  a t  a l l  flows i s  
improved, pa r t i cu l a r l y  a t  the  lower ones. Considering t he  two s e r i e s  
of  t e s t s ,  then, it i s  evident t h a t  t he  use of vanes i s  not  necessari2.y 
t he  complete answer t o  cor rec t  r eg i s t ra t ion ,  bu t  ra the r  i s  a means i l l  

obtaining accurate reg i s t ra t ion .  I f  the  vane s i z e  i s  mede standard and 
the  corresponding ca l ib ra t ion  used, r eg i s t r a t i on  should f a l l  within a 
reasonable percentage accuracy range. This statement w i l l  need 
ver i f i ca t ion ,  a s  b r i e f l y  oirtlined below. 

Ef for t s  were made t o  i n s t a l l  the  meter at  various r a t e s  of 
flow. It was discovered t h a t  beyond 7 cubic f e e t  per second one person 
could not  s a f e ly  posi t ion it, and over a r a t e  of 10 cubic f e e t  per 
second two men were unable t o  i n s t a l l  it. This may o r  may not  be a 
disadvantage, depending on whether i n s t a l l a t i o n  i s  t o  be accomplished 
p r i o r  t o  del ivery  of water. Inasmuch a s  the  meter i s  of the  t o t a l i z i n g  
type and not primari ly a r a t e  indicator ,  the  matter may be of minor 
importance. 

F'utxre Tests  

No t e s t s  were made with d i f f e r en t  gate openings. It is planned 
t o  asce r ta in  the  e f f e c t  of r e s t r i c t i n g  flow a t  the  head box with the 
8-inch vanes i n  place.  Heretofore, the  ve loc i ty  d i s t r i bu t i on  across any 
diameter has been assumed t o  follow the  usual  pa t t e rn  f o r  a closed 
conduit.  The r e s t r i c t i o n  w i l l  undoubtedly produce unsymmetrical veloci ty  
d i s t r i bu t i on  on a v e r t i c a l  plane. Whether the  length of t e s t  sect ion is 
su f f i c i en t  t o  allow a red i s t r ibu t ion  is  unknown. A supplementary report 
w i l l  be issued on t he  f indings.  

No fu r t he r  t e s t s  without vanes a re  contemplated. 
I i 
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Figure 1 - Sparling 24-inch open-flow meter and mounting 
brackets. 



Figure 2 - Sparling 24-inch open-flow meter in correct operating 
position. Straightening vanes are not shown. 
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