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tUWOiU' ON Tilll CAUBRATION OP nm NB:~ •• RXICO , ~aLI.! A. iS - TYPE HB1'8 

Introduction 

Mr . Fran • .B . Irby, Mr . Charles B. Thompson, and Mr. J ames t . 

~'illi a.'1s visited the Hydraulics laboratory at Colorado A and M College 

on 2 August , 1955 to discuss the possibility of calibrating a r::Je tering 

device whicll bad been developed by Mt . Williams to measure directly 

the discharge from the outlet pipe of a pump . This discussion t-?as 

he ld with Professor l>'laurice t . Albert son and Mr . Dasel B. Hallmark of 

the laboratory staff . 

The New Mexico encineers point~c1 out that this system of meas-

ure~ent involved the use of Pdce current meters which are standard 

equipment for the field engineers, and thnt this equipment is consider-

ably simp lified as cou:pareJ with carrying round compl e tely separate 

equipment for measuren:ent: of d.ischnr.ge from wells . Furthe r more , it was 

ho;>ed that this sy~tem would provide llleasurem nts with a. better combi-

nation of accuracy and simy licity or e~ e of mea.suremcnt t han found 

w~th other types of equipm.~nt for l.~easuring t he discharge f rom wells 

in the field. 

Agreement \1as r eached at this time that the calibration tests 

would be carried ou t under the gen-eral supervision of Professor Albert-

son, \'li th one of the staf f from t he Civil Englnceri ng Department of 

Colora1o A and M College in i.l7!tledinte c_ argc of the project. At leas t 

t wo members o( the stnff from the Nev.,r Hexico State Engineer Office 

were scheduled to be on t be job at all times . 



The testin;?: progr am took place from 3 AU£.tUS~ to 27 August, 195.'). 

Mr. J ames J .• Williams. Mr . James I. t'\'right and Hr . Donald B. Kienlen 

from tbe New Mexico State Engineer Office n1ade the t ests with Professor 

H. H. Schweizc:t of tho Civil l3nglneer1ng Department in i l'l'.mediate charge . 

Tostin£ Equipment 

As may be seen in Pig . 1. t he testing equipment consist~d of 

an 8-in. pu!"JP and supply line to tJhich was connected the various sizes 

of pipes r epresenting the outlet pipe from a pump in the field . l'he 

\!filliw!ls-t}'f)e meter was fastened to the ends of these pipes which were 

t ested at various lengths downstrea:!l from the last elbow. Tha elbows 

were placed imm~diately upstream from the outlet pipes to make the in-

i tial flow conditions as bad as possible . 

The odginal design of the Williams meter includ<:d gl.lid(J vanes 

upstream fron the meter in order to orient the flow _p roperly and to 

make the data more reproducible by eliminating surge fluctuations when 

easurem~nt is made close to the elbows . The initial t ests , hov1ever , 

indicated that certain minor mo,:Hfications in the guide van.es W(! re de-

sirable . 'l'herefore , the final design of the guide . vanes was as sh 

in Fig. 2. The j n.clcct placed on the out side of the pipe \tas sealed on 

~ ~./t~ r~J with a canvas sleeve . On the downstream end of th,~ 
j acket \'Jere bolts end wing nuts to hold orificl!l plates on the end when 

needed to make the pipe flow full . 
. .. 

After the water discharg~d from the t>ipe. it could either be 

r4!turnec1 to the sump for re-circulation , or be dumped in n calibrated 

volumetric t ank in order to detendne precisely the r ates of discharge. 
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Testin~ Procerlu r~ 

The first step in testing was to place the small dng nnd . 

QUide vanes i nside the outlet pipe and then to slip the j acket over 

t he outside of the pipe -- c l al!'.pin0 it i n place against the inside 

r ing to insure an exact ~nd reproducible location . The purpose of the 

guide ring '111s to i nsur0 that: ( a) the vanes tt1ere parallel to the 

cente rline of the pin, (b) the axis of t he cup tlcter was essentially 

vertical , nnd ( c) the distance from the side wall to the cups was the 

same on each side . The guide vanes and ring were first installed iri-

side the pipe , and then the current meter and j acket unit as installed . 

I n order to be sure that the discharge was reproducible , 

several runs were made at the same discharge by shutting off t he pum," 

and allowing the system to drain b~">tween tests . These tests were made 

at several discharges , and they detnonstrnted that the discharge \1as re-

producible to wi hin less than one per cent deviation (rem the tlvera~:e . 

The problem with the orieinal guide vanes was . that ~ test 

~las difficult to reproduce if the pu:nr,> \·!as s ut off nnd t he guide vanes 

r ..:?moved and replaced. Therefore , considerable care was t alten throt~ ~b . 

~~erous test s tc be sure that the QQdified guide vanes would give re-

producible r esu lts. These results rere found to be within plus or minus 

ro pe r cent of the average , w ich was determined from a number of 

pointso In or< er to be certain Ulat this reproducibility w s not de-

pendent upon certain individuals operating the equipment , threediffer-

ent (:lersons ~·ere used both in mountin~ the 111~ter and in observing th.e 

readings . 
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\'lhen the guide vanes and ring ttere not used, the j acket was 

.placed by eye a s nearly concentric with t he pipe ~s pos sible to center 

tha current m~ter ins id- t he pipe . 

Results -
Figs . 3 to 10 s 0 \'1 that in all cases the data could be r epre-

sented by nn average l!ne from which tho data seldom· c!eviated even a..s 

m1ch as two pe r C"Jnt. Pot a ghen phys ical arrange~c nt, tbe revolu-

t!ons per second ( RPSf varied directly ~1ith the ave rage velocity in 

the pipe , which permitted using a strdght line through the od!;in and 

greatly sim~lified the de termination of t he ratin~ cur ves . 

Once the tatlng curve s were tent ative ly dc t e r mine\l in Figs. 3 

to 10 for a given phys ical se tup, the slope coaffici ent o£ each curve 

was determined in terms o£ f oe t per second pe r RPS , nd plotted in 

Figs. 11 nnd 12. llrom these figu~es it may be see n that t he slope 

coefficient varies cont i nuously \vith both inside diameter of pipe and 

r l ength of discha rge pipt' ill di ruue t e rs fro the pUl~!p . 

The variation of slope with l ength in dia:~e ters is approxi-

mately five per cent or less for ach of the pi pes \tlth the e'~ception 

of the 10 ln . I O pipe for \·.1licb t he varia tion \'11as nearly 20 pe r cent. 

for small values of pipe length t he slope is s;:1a11. \.'i i th inc reasing 

pipe length, the slope increases until it reaches a 'tla::d t'.IUm a a out 6 

diameters , after 'Shieh it again decre,tse s -- apparently t>, pproaching 

an asymptote at about 10 to 15 di aae tc rs . This v?ori. .. tion is poss i b ly 

C<msed by the irregu lar high-velocit·y j et issul ug from the pipe b end 

( initial stl'.all slope coefficie nt), the sp readi ng: of this j~ t across 

the flow ( slope r eaching a maxh>lu~,) . and finally t he devc lopo~ nt of 



the pattern of established flow \»herein a core of hig' er ve locity is 

developed due to bounda r·y drag ( slope co~ fficient a~a.in dect·easing) . 

The extreme ly small value of slope for the 10 in. pipe at 3 

diameters is probably a pe:o culiarity o£ t he pipe bends upstream. Fur-

t hermore , the guide vanes are perh~.ps r elatively too short to 

straig 1ten the flow adequately in a short distance . · Therefore , it is 

r ecommended t hat this curve not be used for pipa lengths less than 4 

diameters. As seen inboth Fig. 11 and Fig . 12, the curves are sys-

tematical family for l engths greater t han 4 diameters for the 10 in. 

pipe an1 fo r 3 dia@eters for the other pipes . 

When the pipes arc lon:;er than 9 cHrur.eters the slo!Je seems to 

be approaching a.."l asymptote -- \'lhich is to be expected as the flot'>' 

pattern (velocity and turbulence distribution ·across the pipe) p-

proaches equilibrium. 

Fig. 12 shows the varia tion ich occurs \'lith ch<!ncing pipe 

r diameters . This variation is due in Ollt~ r.leasure to the fnc t th t 

the guide vanes and rings were not geometrically proportioned from 

one pipe size to another . Therefore , strictl}• speaking-, the curves 

for the pipes rated tlith vat'les are not continuous between chan ,as in 

pipe sizes (bro .... en lines) , and interpolation in these areas taay result 

in some error, perhaps as much s 3 or 4 per cent . 

Pipes 5.68 in., 6.06 in., 6.47 in. • and 7.07 in . in diameter 

were tested \'li tboot guide vanes for pipe lengths of 6 to 11 diameters. 

In addition, the 7 .07-in . pipe was tested fo r 3.5 diameters , a i.d the 

6 . 47-in . pipe for l6 diameters to determine the nlope coefficient for 

extrencs in plpe l engths . Except for the 6 .06-in . pipe , tho <lata weLe 
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consistent between trials an4 form a reasonabl~ family of cuz;ves , so 

they ate consid..ucd to be quite accurate despite the abnormally poor 

entranc~ condi tlons due to the t\<JO elbO~'>'S upstrelo)n . The data for the 

6.M-in. pipe ~re i nconsistent , and if used, would give r esults ob-

viously i ncompatible ltith the data for the other "ipe s izes. Despite 

this fact , hov:e er, the error involved J.n drawintr the curve for the 

6.06-in. pipe as a part oC ·the f a!<!ily of other size s is l ess t han 3 

pet cent. !'he e~~ected error for the curves of the other pipe sizes 

having l enzths between 6 and 11 diameters an<1 for interpolation be-

tl~en . the-se cur es , is one per cent or l e3s . 

The t ests show that for pipe sizes varying {roo. S i n . to 7 itl. 

w!thout guide ve.nes, t he discharge pipe should be at least 6 diameters 

l ong . Beyond nbout 15 di.arGeters t he s lope coefficient r.:~ay be tt'catcd 

as a constant . Because insufficient t ests \<re rc made for lengths l esG 

t han 6 and greate r than 11 dia.-'!le ters, the expected ~rror in extrano-

lat!ng to 4 or 15 is 1~ pet cent . Interpolation beb..-een these extrap-

ola t ed curves ·ill giv~ results t hat are accurate within two per cent . 

In view of the foregoing , it is rccOtt.<:lcnded that: 

1) tfh;m guide vanes r.re used, the curves of Pig . 11 be used fro ti\ 3 

dia.nt~tcrs to 10 diameter::; to d'.llterrrt.ine t he slope coefficient for 

pipa diamet -r.s of 7.07 in . ID, 8. 13 in . ID, and 8. 84 in . I D; an<-1 

t he curve for 10 .02 in. ID be usej f rom 4 diameters to 10 diameters. 

2) For pipe sizes of S.63 in. I D, 6.06 in . I D, 6.47 in . ID , end 7.07 

!n. IO without ~J~Jide vanes , t he curven of Pit; . 11 should b(it uscc1 
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frott 6 diameters to 11 di ameters , to determine the s1o!)e coeffi-
'· 

cient . Por lengths great~r thl\n 11 di~eters the slope coefficient 

decreases so~what wrol'l that fo r 11 diaN_ters an.~ should follow 

parallel to the cttrve ( or 6.47 in. ! D. 

3) Sxtrai'olatlon il\ay be made alon~ curves in Pig . 11 with accurate 

results . Howeve r, extrapolation along the curves in Fig . 12 should 

be rnade wi.th caution, particular-ly in the region of the brok~n 

lines . 

4) To prevent flo\~ distortion unstream fron the oriHcc plates , and to 

prevent back pressures which ight reduce t he discharge, the ori-

fice place to be used is the largest ona th at \d 1 force the dis-

charge pipe to flow full. Prot:1 the practical viewpoint of pressure 

against the orifice , two men were unable to place an orifice plate 

sufficiently sr.1all to cause more than approximately t wo per cent 

reduction in discharge . 

Accuracy 

The overall accuracy of the Williams-type meter is within 

plus or 111inus t\.'iO per cent wHhin the r ange of conditions stipulated 

under " Rec.ommendeeSUse of Data)" This ~ccuracy applies to all pipe 

sizes fro;ti 5.63 in. to 10.02 in. inside diar:u~ter . 

T. ffi!.ES 

Tlle tnbles include : 

Table · I --~ and Computed~ necessary to ohti1in the velocity in 

feet per. second nnd the correspondin~ RPS of the current 

meter. T'nese data were used to plot Figs . 3 to 10 . The 
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scale readings were obtained from the float gage in the vo-

lumetric calibration tank., the time in s econds from a. stop-

. watch, and t he r evolutions ( Rev) from the c\lrrent meter. 

Ttlfo trials were vtade for each t~st . to check the accuracy 

and rcpro!1ucibiHty of the data. 

Table II --Sunun.ary of Slop~ Coefficients , obtained fro'!'ll the slopes of 

the straight lines in Figs . 3 to 10. 

-, 
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TABLB II 

SUW~RY . OP SLOPD COEPPIC! BNTS 

Pip~ Size L~ngth in Slo~e Coaffic!~nt Remarks 
Diameters 

in. ft/ ec/RPS 

5.68 6 1.684 No vanes or ring 
" s.s 1.626 " 
" 11 1.572 " 

6.06 6 1.642 " 
tt t r 1.616 .. 

' 
6.47 6 1.70 t1 .. 11 1.61 •• 

ft 16 1.58 .. 
7.07 3.S 1. 862 .. 

•• 6 1. 7'12 .. 8 1.68 .. 
" 10.1 1.644 •• 

7.07 3.5 1. 832 lith ve.n\!s and rlnz 
" 6 1. 852 " 
" 8 1. 768 .. 
" 10.7 1. 77 8 .. 

8.13 3 1.960 •• 
" s.s 1.990 .. 
" 8 1..936 ,, 

8.84 3 1.872 " 
\ 

" 6 1.952 .. ,, 0 1.872 .. 
I II 9 l. 8«> .. 
I 10.02 3 1.672 ,, .. 4.S 1.980 .. 

n 6 2.0 26 tt .. 9 1 .894 tt . 
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