
BRANCH OF D f S l G N  AND CONSTRUCTION 

DENVER. COLORADO 

MARCH 30,1949 



PUTp0st1 . . . . . . . . . . . . . . . . . . . .  
C0nc1u:~ions . . . . . . . . . . . . . . . . . .  
The Investigation . . . . . . . . . . . . . . . .  

Descrip%ior, of the C11dlenger Fluid Meter 
id. justment of the  Challenger Fluid Meter . . . . . . . . . . . . . . .  T e s t  Proceilurt~ 
Me1;sr Accuracy . . . . . . . .  ; . . . . .  
Metar Prf~ssurt: Drop . . . . . . . . . . .  

Figure e 

Challengar lc- inch Motor . -General View . . . . . . . .  
Challsngtjr 4- inch Meter.. Sectional '3.0~ . . . . . . .  
Chellengor 4- inch Meter...Ekplodt.d T l a w  . . . . . . .  . . . . . . . . . . . . . .  T a l l y  Meter In le t  Pusswp 
Adjustmelii No . 1.. Schematic . . . . . . . . . . . . .  
Metor Inriide View.. Showing AdJustment . . . . . . . .  
Adjustme~it No . 2.. Schemetic . . O . . . . . . . o . o  . . . . . . . .  Adjustsle~its Nc . 2 and 3.. Detail  Parts . . . . . . . . . . . . .  Mjustment No. 3.. S r h e a t i c  
Challengcjr Motor Tost Ins tda t ion . .  General View . . 
Control 'Tdve Center Pussqe  with Temporary Plug 
Soldered i n  Place.. Moter Standard P l w  Lying Below . . . . . . . . . .  Challenger 4-inch Meter Calibration . . . . . . . .  Diagramic Plot of Adjustment Effects 

Meter ~ccuracy.. 187 Gallons Per Minute Constant Flow . . . . . . . . . . .  Versus Variable Line Pressure 
Meter ~ccuracy.. 354 Gallons Per Minute Constant Flow . . . . . . . . . . .  Versus Vwiable Line Pressure 
Meter Accuracy.. 510 Gallons Per Mnute Constant l>low . . . . . . . . . . .  Versus Variable Line Pressure . . . . . . . . .  Manufacturerls P~+assurct Drop Curve . . . . . . . . . . .  Needle Valve Type Control Valve 



UNITED STATES 
DEPAR- OF !THE INTERIOR 

BUREAU OF RM=ILAMA!FION 

Branch of Design ttnd Construction Laboratory Repork No. 259 . Research and Geology Division Hydraulic Laboratory 
Denver, Coloraiio Compiled by: W. C. Case 
Date: March 30, 1949 Reviewed by: J. W. Ball and 

C, W. Thomas 

Subject: Flow chosacteriutics of a Challenger 4-inch f l u i d  meter. 

1. To determine the flow char.act,eristics of a 4-inch Challenger 
f l u i d  moto r .  

2. To appraise the mechanical construction of t h i s  meter. 

CONCLUSIONS 

1. The Challenger meter can be adjusted t o  100 f 1 percent accuracy 
for flows of from 5 t o  1,300 gallons per minute, except I n  the 150- t o  
400-gallon-per-minute range where a d ip  occurs i n  the regis t ra t ion  
accuracy curve. The minimum accuracy i n  t h i s  dip section of the curve 
i s  96.3 percent at 265 gallons per minute ( ~ i g u r e  12). Additiond 
development work w i l l  be required t o  remove the dip f'rom the regis t ra-  
t i c n  accuracy curve. 

2. The meter-pressure drop was approximate* twice %hat given by 
the manufacturer s curve ( ~ i g u r e s  12 and 17) .  The meter-preasure drop 
can be reduced by streamlining the flow path (Figure 18). 

3. The meter regis t ra t ion  accuracy i s  independent of meter i n l e t  
pressure a t  constant flow (Figures 14, 15, and 16). 

4. The welsh- the  p lug  of the control valve center passage i s  
insecurely installed. 

5.  The clearance between the t d y  metar velocity adjustment 
No. 3 ramp and tho r o l l e r  attaching screwhead corners i s  too anall 

* r  (~ ig l J re  8-b ) . 
6, The capscrew for  attaching the adjustment No. 2 linkege t o  

the r a t i o  adjustnact sleeve (Figure 3 )  i s  too long and contacts t h e  
meter casting tha t  forms the t a l l y  meter discharge passage (Figure 2). 
n i s  interference prevents proper adjustment of the meter. 



Description of the Challengar Fluld Meter 

The Challenger f l u i d  meter i s  made by the Challenger Manufacturing 
Company, 41 Wilson Avenue, San Jose, California. This meter w i l l  also 
be made by the Horsey Meter Company, Boston, Massachusetts, sometime 
af'ter December 1948. Copies of the manufacturer's drawings showine; a 
general viow sectional view of the Challenger &-inch f l u i d  meter 
a r e  shown in  Figures 1 and 2, respectively. An.exploded view of t h o  
meter tested i s  shown on Figws 3. This meter operatas on the princi- 
ple  of a sliding motering vallre, actuated by It common volume control 
valve. As the volume control valve i s  forced open, due t o  the pressure 
and momentum forces of the f luid,  it simultaneously opens the metering 
port proportionally. A s  these valves are  in tegra l  parts,  they must open 
and close together. The control valve starts t o  s l ide  open when the  
forces created by the f l u i d  balance the forco created by the re turn  spring 
and f r ic t ion .  This occurs a t  ap;lroxlmatel;g. 1 t o  1-112 poilnds per squ6;re 
inch, which i s  hi& en~ugh t o  assure stastin& and positive operation of 
the t a l l y  meter. 

The amount of f l u i d  tha t  i s  actually measured by the t a l l y  meter 
may be varied, accordlag t o  tho accuracy desbed,  by means of three 
metor  adJustments ( ~ i g u r e  3) .  The standard 11-inch meter records through 
a 1-114-inch tally meter unit ,  using 1/20 o r  5 percent of the t o t a l  flow. 
Total reg is t ra t ion  i s  recorded i n  gallons. T!he greatest  percentage of 
the f l u i d  passes through the main meter without a screen obstruction. 
A l l  the f luid t h a t  passes into the positive displacement-type tally 
meter goes through an i n l e t  screen. A view looking from above the t a l l y  
meter mounting pad shows tho in le t  passage *t;o the tally metor (Figure 4)0  
The tally meter i s  manufactured by the Hersey Meter Company, Boston, 
~ s s a c h u s e t t s .  I - 

Back regis t ra t ion  i s  prevented through the s l iding action of the 
control valve which closes when the f lu id  pressure i s  reduced below the  
1-1/2 pounds per square inch mentioned above. Because it I s  jnpossible 
t o  have reverse flow, the meter also serves as a-check valve. The con- 
t r o l  valve i s  the  only moving pazt i n  the main meter, and moves only 
durine a change of flow. 

The manufacturer s t a t e s  tha t  the 4-inch meter i s  designed f o r  l5O 
pounds per square inch maximum working pressure. A modified ventmi  
section i s  incorporated in to  the' downstream side of the meter t o  improve 
velocity distribution. 

The Challenger meter is  an outgrowth of a hydraulic device developed 
for  the United Sta tes  Navy during World W a r  11, and has been i n  use for 
over 3 years. The basic design shown i s  used throughout 5he complete 
l i n e  of meters from 3 inches through 12 inches. Larger s izes  are avail- 
able on special order. 



The meter contains three  accuracy adjustments which a re  made i n  
t h e  following sequence and mannos-: 

v AdJustmant No. 1 i s  t o  time the  opening of t h e  control  valve por t s  
t o  coincide with the  opening of the  metering por t  ( ~ i g u r e  5 ) .  This 
adjustment i s  made by means of an oval weQe-shaped r i n g  which can be 
made t o  s l i a e  crosswise t o  the  meter 's  longi tudinal  axis ,  a s  shown i n  8 

Figure 6. The t h i n  s ide  of t h e  wedge i s  on the  right-hand side. Cross- 
wise movement of t h i s  wedged r i n g  givos t h e  cor rec t  exial adjustment of 
t h e  r a t i o  adjustment sleeve such tha t  the  sturt of t h e  flow through the  
main meter i s  coincident with t he  stmt of flow through t h e  t a l l y  meter. 
This wedge r i n g  i s  M e l e d  "low flow adjustment" i n  Figure 2. Turning t h e  
adjustment clockwise moves t h e  r a t i o  a d j ~ s ~ e n t  sleeve upstream (wedge 
riw t o  t h e  right, Figure 6) t o  increase the  flow through the  tally meter. 
Turning t h e  adjustaent counterclockwise mores the  r a t i o  adjustment sleeve 
downstream (wedge r i n g  t o  the  l e f t ,  Figure 6) t o  decrease the  flow throu@;h 
t h e  t a l l y  meter. One method of making t h i s  adjustment with t h e  meter 
p a r t i a l l y  disassembled i s  as follows: 

1. Renove t h e  t a l l y  meter assembly. 

2. Remove t h e  iriLet flanged adapter and t a l l y  meter screen. 

3. Remove the  plug in  center c i rcu la r  passage of t he  control  
valve. 

4. Attach a metal stim*up diametrically across t he  i n l e t  
f lange t o  the  flange studs,  and by means of t he  s t i r r u p  a d j ~ s t i r q  
screw, s e t  t h e  control  valve so t h a t  t h e  por t s  a r e  j u s t  starting t 3  

cpon. The r e tu rn  spring w i l l  then hold t he  control  valve i n  t h i s  
posi t ion regardless  of t h e  wedge ring adjustment. 

5.  In se r t  a l i g h t  down the  t- meter flow discharge passage 
i n  t h e  main meter body. 

6. By watching down the  center circula3' passage of t he  con- 
t r o l  v d v e  (plug removad), adjust  tho wedge r i n g  u n t i l  l i g h t  j u s t  
appeass t o  come through t h e  metering port. A t  t h i s  point, t he  s t o r t  
of flow through the  main meter w i l l  be coincident with the start of 
flow through the  t a l l y  netor.  

7. Lock the  adjustment locknut and i n s t a l l  the  covor plug. 

8. Reins t a l l  tho control  valve plug and reassemble t he  meter. 



f ina l  a&sembly and it is  unlikely t o  change during use of the meter. 
This adjus+aent i s  t o  prevent the possibi l i ty  of flow passing through 
the  main meter with no flow going through the tally meter, or vice 
versa. Either s i tua t ion  would r e s u l t  in  an erroneous registration. 
There was no reason indicated t o  a l t e r  this adjustment on the meter 
tested. 

Adjustment No. 2 regulates the circumferential width of the tally 
meter metering port a t  very low flow control valve positions, such tha t  , 

the  correct proportion of flow passes through the t a l l y  meter based on the 
gear r a t i o  of the t a l l y  meter ( ~ i g u r e  7).  The gear r a t i o  of the t a l l y  
meter i n  the t e s t  meter i s  20:1, i.e., when the meter i s  adjusted cor- 
rec t ly ,  one-twentieth of the t o t a l  flow passes through the tally meter. 
This ~djustment i s  made at flows between 53 and 100 gallons per minute 
due t o  the character is t ics  of the meter. The circumferential width of %he 
tally meter metering port i s  varied by rotat ing the r a t i o  adjustment sleove 
by an attached arm a s  shown i n  Figure 3 and the top of Figure 6, The 
d e t a i l  par t s  of the 1inkee;e arm are shown i n  the lower part  of Figure 8a. 
These par ts  have been rep1.aced on l a t e r  model mcters by a la.rge adjusting 
nut, shown i n  the upper par t  of Figure 8a. The T-handled wrench shown in 
the  figure loosens the  locknut. Turning the Allen wrsnch, which passes 
t h r o w  the center of the T-handled wrench, i n  a clockwise direct ion 
closes the circumferential width of the metering port and decreased the 
flow t h r o w  the t a l l y  m.eter. Conversely, turning the Allen wrench in  a 
counterclockwise airect lon increases the circumferential width of the  
metering port and increases the flow through the t a l l y  meter. On the  
later meters with the l.arga adjusting nut, a closkwise ro ta t ion  of the 
nut increases the meter flow, while a counterclockwise ro ta t ion  
decreases it. 

Adjustment No. 3 i s  a second aqustment t o  the circumferential 
width of the tall.y meter metering port a t  higher flow control valve 
positions so that- the correct proportion of flow passes through the 
tally meter based on the gear r a t i o  of the tally meter ( ~ i g u r e  9). .This 
adjustment i s  msde at  flows of 500 gallons per minute or greater.  As 
t he  flow increases, the velocity i n  the main meter increases, but the 
tally meter velocity does not increase proportio&y t o  maintain the 
1:20 r a t i o  of flow of t a U y  t o  main meter. Therefore, t o  compensate f o r  
the  lower proportional t s l l y  flow velocity, the t a u  meter metering 
port  area i s  increased t o  maintain the 1:20 flow ra t io .  This adjustment 
i s  incorporated in to  the meter by having the control valve r o t a t e  t o  in- 
crease the circumferential width of tally meter metering port as the 
control valve t ravels  downstream with increasing meter flow. The mechan-' 
i c d  merds of p r~v id ing  t h i s  adjust-ent i s  shown i n  ~ i g u r e s  3, 6 ,  and 8b. 
A ball-shaped wheel fixed t o  the control valve, Figure 3, r o l l s  on an 
adjustable track or raxq ( f l a t  bar on l e f t  side of Figure 6) which is 
f ixed t o  the inside of the meter body, The ramp, with rot=y movment, 



correct t a l l y  meter metering port width). A closeup view of the ba l l -  
shaped wheel on the ramp a t  low flow position is shown on Figure &. 
Note the close clearance between t.he corners of the  squarehead screw 
with the ramp shoulder. Possible interforence existed a t  t h i s  location. 

v 
The r m p  shoulder was machined down before tes t ing  the meter t o  give 
clearance between the corners of the squasehead bol t  and the ramp 
shoulder ( ~ i g u r e  8b).  Whilo d i n g  AdJustment No. 3 a t  higher flows, 
the  ramp angle was c h w e d  In increments t o  mpAntain firm contact between 
tha ramp and the r o l l e r  wheel on the control velve. If the rt3mp angle 
was decreased while making the adjustment, the water and f r i c t iona l  

I forces r e s i s t ing  tho ro ta t ion  of the control velve were.equal t o  or 
greater than the spring torque which normally holds the r o l l e r  wheel on 
the  ramp. Consequently, t o  k e e ~  the r o l l e r  wheel i n  contact w i t h  the ramp 
&, thus, rea l ize  the effects  of tho r m p  adjustment, it was necessary 
t o  rel ieve these forces by stopping the  flow. Adjustment No. 3 i s  
turned clochrise t o  increase the t a l l y  meter port width which increases 
t a l l y  meter flow, and turned counterclockwise t o  decrease the tally meter 
port  width which decreases the flow. 

Test Procedure 

general view of the t e s t  ins ta l la t ion  showing the upstream and 
downstream control valves i s  shown i n  Figure 10. A. mercury "UU" tube was 
used t o  record pressure b o p  across the meter, and a mercury pot gage 
was used t o  record meter i n l e t  pressure. The t rue  flow was detsrmined 
by use of volumetrically calibrated tanks. The s t m t i n g  and ending of 
t h e  flow measurement timas were coordinated between the operator a t  the 
volumetric tank and the man r e d i n g  the meter by telephone. The follow- 
i ag  t e s t s  were made i n  the order give=: 

1. Registration accuracy curve, meter as  received; 
f i r s t  calibration, Figure 12. 

2. Registration accuracy and pressure drop curves, meter 
adJusted and before No. 2 addustment interference was discovered; 
second calibration, Figure 12. 

3. Registration accuracy curves with variable meter i n l e t  
pressure versus constant flow a t  187, 354, and 510 gallons per 
minute, Figures 14, 15, and 16. 

&. Registration accuracy curve tiith no control valve spring 
installed; all three adjustments as i n  Test 2, Figure 13, 

5. Ragistration accuracy curve, meter adjusted with No. 2 
adjustment interference removed; t h b d  calibration, Figure 12. 



! i n  a mmner such tha t  the control valve r o l l e r  wheel was i n  firm-contact 
with the ramp of ACjustment No. 3. 

Meter Accuracy t 

* After the f i r s t  and before the second calibration, while Mr, Charles 
H i r s t ,  the Challenger reprosantative was present, difficult,j.es were 
encountered i n  making the adjustments of tha meter. Disassembly of the 
meter showed tha t  the Welsh-type automotive plug tha t  plugs the control 
~ a l v e  center passage was not i n  place. The plug i n  the meter was no-i, 
the screw-type shown i n  Figure 2. Figure U. shows the Welsh-type plug. 
Another f l a t  plug was soldered i n  t o  expedite tes t ing  while the 
Challenger reprasentative was present. After Test 3 ( ~ e s t  Frocedure) 
a screw-type was instal led similar t o  tha t  shown i n  Figure 2. A secure 
plug ins ta l la t ion  i s  required since backbpressures, when the meter actis 
as  a check valve, provide a considerable plug knockout force. 

The r e su l t s  of Tests 1, 2, and 5 m e  plotted i n  Figure 12. A 
complete explanation fa r  the dip i n  the meter accuracy curves at . 

about 265 gallons par mlnute i s  not known. The manufacturer's tabu- 
l a t ed  accuracy data indicated no dip with 98.2, t o  100.2 percent 
accuracy between flows of 7.48 t o  748 gallons per minute. It may be 
tha t  the ranges of Adjustments No. 2 and 3 do not overlap suff icient ly 
t o  maintain 100-percent regis t ra t ion  i n  t h i s  flow range. On the other 
hand, there may be sufficient overlappiw of Adjustments No. 2 andl 3, 
but at a different  set t ing combination of Adjustments Xo. 2 and 3 t o  
give bet ter  accuracy i n  t h i s  flow r a g e .  This i s  suglgested from the  
meter regis t ra t ion  where the f i r s t  cal ibrat ion curve crosses the  
100-percent l ine .  Consequently, t h i s  dip can probably be p m t i a l l y  
removed but l ike ly  at the sacrif ice of accuracy a t  some other section 
of the curve. A 100-percent accuracy curve from 5 t o  1,300 gallons 
per minute undoubtedly can be obtained after additional development 
work by the manufacturer. A diagramic plot of the ef fec t  of the  
various adjustments on the regis t ra t ion  accuracy of the meter i s  
shawn in  Figure 13. We fac t  tha t  the meter appemed t o  operate with 
the control valve wide open (firred porting) above 450 gallons per 
minute i s  substentiated by the fac t  tha t  the  ramp wear from the r o l l e r  
wheel i s  uniform for  3 inches, the t r ave l  of the control valve. Lf 
below 4.50 gallons per minute i s  i n  the  vcriable porting zange, then 
perhaps a crowned r a p  prof i le  would. remove the dip i n  the meter 
accuracy curve. The trial snd error procedure used i n  adJustfng t h i s  
meter was t o  work f o r  100-percent accuracy a t  100 and 875 gallons per 
minut 0 .  



disassemblad to  investigate the reason for  the dip i s  well a s  the 
inab i l i ty  t o  r a i se  the lower end of the  curve t o  the i00-percent 
l i n e  with AdJustment No. 2. Inspection showed tha t  ttie capscrow f o r  
attaching tht;, Ad.just,ment No. 2 linkage t o  the r a t i o  adjustment sleeve . ( ~ i g u r e  j )  was too long on the thread end, and. contacted the meter 
casting t m t  forms the t a l l y  meter discharge passage (Figure 2) .  
This interference prevented proper adjustment, as  shown by the th.trd 

a calibration. This capscrew was shortened about l/8 inch. 

On the thirit '  calibration, the accuracy curve s ta r ted  Lo r i s e  a t  
about 1,300 gallons per minute. This suggests tha t  the main meter 
offers eri~ugh res t r i c t ion  t o  appreciably increase the meter i n l e t  
preasme and the pressure drop across the t a l l y  meter. li'hiu condition 
puts the main meter and t a l l y  meter flows out of the 20:l proportion. 
This fac t  w a s  not conclusive sincs this flow.was the maximum pumping 
capacity available i n  the laboratory, Disassembly of the meter a f t e r  
running theso high flows showed all parts ,  including the t a l l y  metor 
gems, t o  be i n  good condition. 

The meter i n l e t  pressure required t o  pass 1,300 gallons per minute 
w a s  about 55 pounds per square inch ( ~ i g u r o  12). However, the discharge 
pressure was approximately 30 f e e t  of water t o  reach the elevated 
volumetric tanks. This i n l e t  pressure w a s  well below the manufacturer's 
maximum allowable of 150 pomds per square inch. 

Tests run on a 6-inch Sparling meter, Hydraulic Laboratory Report 
No. Hyd-227, indicated t h a t  the accuracy of tha t  meter varied with 
i n l e t  pressure. This character is t ic  w a s  chocked on the Challenger 
4-inch meter by o b t a i n i x  variable meter i n l e t  pressure versus constant 
flow c-mves at 187, 354, r,nd 510 gallons per minute, The reeul ta  
showed no appreciable accuracy variat ion (Figures 14, 15, and 16). 
The curves on the upper half of the figures are  plotted f'rm the t e s t  
data  shown on the lower half of the figures. Since it was ibpracticab 
t o  s e t  constant discharge a t  various meter i n l e t  pressures, the  lower 
curves were obtained as  follows: The flow in  the  range desired was 
s e t  and the meter accuracy data recorded, using the volumetric tanks. 
This discharge was used f o r  the constant flow datum, The control valve 
i n  the l i n e  downstrearn from the meter was then closed which increased 
the l i n e  pressure, but decreased the flow observed on a venturimeter 
gaga. The control valve upstream from the meter w a s  then opened unt i l  
the  flow observed on the venturi gege w a s  e l ight ly l e s s  tha the datum 
constant flow. Meter accuracy was then recorded (lower point on short- 
dash l ines)  as w e l l  as t rue  flow (lower point on long-dash l ines ) .  The 
meter upstream control valve was tnen opeged more t o  increase the flow, 
observed on the venturi gage, t o  s l ight ly  greater than the datum 
constant flow. Meter accuracy w a s  then recorded (upper pain% on the 
short-dash l i n e s )  a s  woU as true flow (upper point on long-dash l ines) .  



The meter reading at  the d a t u  constant flow w a s  f o u u l  by dividing 
the meter Q~ vurs1u.j p s t ra ight  l i n e  (short dashes) (at constant 
discharge area, or opening) i n  the same proportion tha t  the constant 
flow point divided the t rue flow (volumetric tank) Q~ versus p straight  
l i n e  (long dashes). The fac t  tha t  tho meter accuracy does not vary 
appreciably on idlo short-dash l i n e s  plotted makes t h i s  method valid. 
The process was then repeated at higher l i n e  pressures. 

Motor Eressure Drop 

The pressure drop across the meter was moasured by connecting a 
mercury U-tutu between two &-tap piozometer rings as shown i n  Fleure 10. 
The meas'ured pressure drop (Figure 12) i s  eibout twice tha t  given by 
the matl~3facturer1s pressuro drop curve. (Figure 17). For instance, the 
measured pressure drop a t  800 gallons per minute was 12.4 pounds yer 
s q w e  inch, whereas the manufacturer's curve shows 5.8 pounds per 
aquare inch. 

It i s  believed tha t  the 11leter pressure drop can be reduced 
appreciably by rovising the control valve design t o  a needle valve form 
shown schematically i n  Figure 18. Inspection indicates a close c l e w m c e  
and flow res t r i c t ion  be-bween the  control valve outside diameter and the 
c a s t i ~ ~ g  (Figure 2 ) .  Also the flow must change direction 900 twice i n  
flowing t h r o w  the four radial ports, IT a needle-ehaped control 
valve i s  used, the flow path would be straightened and the fLow would 
be continuous around i t s  circumference allowing the use of a valve 
with a m d l e r  outiside diameter. The flow area at the above-mentioned 
r e s t r i c t i o n  would be increased. The present control valve could be 
reworked t o  attach the cone section with capscrews. The present valve 
center plug would be olimlnated. A spring with a &er spring constant 
may be requ*ed. 
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CHALLENGER FLUID METER 

ADJUSTMENT No. 2 
Provides adjustment o f  dimension A , t h e  

circumfererl t iol  width of the tolly meter 
metering por t ,  by ro ta t ing  the  r a t i o  adjustment 
sleeve ( r o t o t e s  outside port) t o  maintain a 1120 
rat io of ta l ly  me te r  flow t o  main meter  f l o w .  



(b) AdJustment No. 3 Detail Parts  



ChALLENGER FLUID METER 

ADJUSTMENT No. 3 I 
Provides additional adjustment of dimension A ,  t h e  cirournferenOial 

width o f  t h e  t a l l y  meter metering port ,  by ro ta t ing  the control  
valve ( r o t a t e s  inside p o r t )  as it travels downstream - thus 
maintaining a  1:20 r a t i o  o f  t a l l y  meter  flow t o  main meter  flow. 









FOUR INCH CHALLENGER METER 
DlAGRAMlC PLOT OF ADJUSTMENT EFFECTS 





METER AGCURACY . 
354 G.P.M. CONSTANT FLOW Vs. VARIABLE LINE PRESSURE 

CHALLENGER 4" METER CALIBRATION 

NOTE: Test run after calibration 
.No. 2 meter adjustment, 
Figure 1 2  



METER ACCURACY 
510 G.P.M. CONSTANT FLOW Vs. VARIABLE LINE PRESSURE 

I CHALLENGER 4" M E T Z R  CALIBRATION 

METER INLET PRESSURE - LBS./IN.' 



Figure 17 CHALUNGER MANUFACTURINo CO . 
SAN JOSE, C A W .  

4" CHALUNGER METER MODEL 400 C.IIPACITY CHART 

GALLONS PER MINUTE 

- - -  A.W ,W .A. & N .E.W.W.A. STANDARD FOR DISK & CUdPOUND TYPES. 

A .W .W .A. & N .E .W .W .A. STANDARD FQR CURRENT TYPES 

CXALLENGER 4" MODEL 400 

ALL CHALUNGER DTER6 HAW SAME COMPARABLE LUS8 OF HEAD. 




