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Measurement  of l i quid flow in  open  channels -  Parshal l  and  
SANI IRI  fl umes 

1  Scope 

This I nternational  Standard  speci fies methods of  
l i quid fl ow measurement  i n  open  channel s (particu-  

larly i n  i rri gation canals)  under steady or slowly 
varyi ng  flow condi tions,  usi ng  Parshal l  and  SANI IRI  
fl umes.  

These fl umes are desi gned to operate under both  
free-flow and  submergence condi ti ons.  

2 Normati ve reference 

The fol l owing standard contai ns provisions which,  
through  reference in  this text,  consti tute provisions 
of thi s I nternational  Standard.  At the time of  publ i -  
cation,  the edi tion i ndicated was val id.  Al l  standards 
are subject to revision,  and  parti es to agreements 

based  on  this I nternational  Standard are encour-  

aged  to i nvestigate the possibi l i ty of applying  the 

most  recent edi tion of the standard i ndicated below.  
Members of I EC and  IS0 maintain  registers of cur-  

rentl y val id  I nternational  Standards.  

IS0 772:1 988,  Liquid flow measurement i n  open 
channels -  Vocabulary and symbols.  

3 Defini tions and  symbols 

For the purposes of  this I nternational  Standard,  the 

defini tions and  symbols gi ven i n  IS0 772 and  the 

fol lowing defini ti ons apply.  

3.1  Parshal l  fl ume:  Measuri ng  fl ume having  a con-  
vergi ng  entrance section  wi th  a l evel  fl oor,  a short  
throat section  wi th  a fl oor i ncl i ned downwards at a 
gradient of  3:9,  and  a di verging  exi t section  wi th  a 

floor i ncl i ned upwards at a gradient  of  1 :6.  

3.2 SANI IRI  fl ume:  Measuri ng  fl ume wi th  a con-  
vergi ng  entrance secti on  having  a l evel  fl oor wi th  a 
verti cal  drop at i ts downstream end  and  perpendic-  

ular wal l s to join  i t to the downstream channel .  

4 Selection of fl ume type 

4. 1  The choice as to whether a Parshal l  or a 
SANI IRI  fl ume should  be used  depends on  several  
factors such  as the range of di scharge to be meas-  
ured,  the head  avai lable,  the modular l imi t and  the 
maximum submergence ratio,  the channel  or canal  
characteri sti cs,  the amount  of  head  l oss whi ch  can  
be al l owed through  the fl ume,  the possibi l i ty of 
deepening  the bed  and  providing  a drop therein,  the 

accuracy of  measurement  requi red,  whether or not  
the flow carries sediment,  the operati ng  condi ti ons 
that necessi tate the use of  ei ther stationary or port-  

able fl umes.  and  economic considerations.  

4.2 Parshal l  fl umes have a rectangular cross-  

section  and  a wide range of throat widths varying  
from very smal l  (0, 025 4 m)  to l arge (1 5 m and  

greater) .  

Medium-si zed Parshal l  fl umes,  wi th  throat widths 
between  about  0, 1 5 m and  about  2,5m,  which  are 
sui table for measuri ng  di scharges in  the range from 

0, 001  5  m3/s to 4,0 m /s are those most  commonly 
used  for fl ow measurements;  they are thus recom-  
mended  in  this I nternational  Standard  as “standard 

structures”.  

Large Parshal l  fl umes wi th  throat widths between  

about  3  m and  about  1 5  m,  the desi gn  of whi ch  
varies dependi ng  on  the si ze of  the fl ume,  are sui t-  
able for measuri ng  di scharges i n  the range from 

0,75 m3/s to 93  m”/s.  

One of the most desi rable features of the Parshal l  
fl ume i s that  i t operates sati sfactori ly at  h i gh  sub-  
mergence ratios wi th  l ow head  loss,  thi s makes i t 

especial ly sui table for fl ow measurements i n  chan-  
nels havi ng  smal l  bed  slopes.  However,  the compl i -  
cated desi gn  of thi s fl ume (see fi gurel )  offsets 

somewhat  the advantages that i t offers.  

1  
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4.3 SANI IRI  fl umes are rectangular i n  cross-  
section,  l evel -floored and  have an  exi t cross-  
sectional  width  between  0,3 m and  I , 0 m.  They are 

sui table for measuri ng  di scharges in  the range from 
0, 03 m3/s and 2,0 m3/s.  

SANI IRI  fl umes are simple i n  desi gn  and  con-  
struction,  wi th  the excepti on  that a smal l  fal l  at  the 
downstream end  of  the floor (see fi gure3)  of  the 

fl ume has to be provided.  

5 Instal lation 

5.1  Selection of si te 

5. 1 . 1  The fl ume shal l  be l ocated in  a straight sec-  

ti on  of the channel ,  avoiding  l ocal  obstructions,  and  

roughness or unevenness of  the bed.  

5. 1 . 2 A prel iminary study shal l  be made of  the 

physical  and  hydraul i c features of the proposed si te,  

to check that i t conforms (or may be constructed or 

modi fi ed  to conform)  wi th  the requi rements neces-  
sary for di scharge measurement  by the fl ume.  Par-  

ti cular attention  shal l  be paid  to the fol l owing 
features i n  selecting  the si te:  

a)  

W 

c)  

d)  

e)  

9  

h)  

the adequacy of the l ength  of  channel  of  regular 
cross-section  and  slope avai lable;  

the uni formi ty of the existing veloci ty di stribution;  

the condi ti ons downstream (including  i nfl uences 
such  as ti des,  control  structures,  etc. ) ;  

the impermeabi l i ty of the ground  on  whi ch  the 
structure is to be founded and  the necessi ty for 
pi l i ng,  grouti ng  or other means of control l i ng 

seepage;  

the stabi l i ty of  the banks or si de slopes of the 

channel ,  and  the necessi ty for trimming and/or 

revetment;  

the necessi ty for fl ood banks,  to confi ne the 

maximum di scharge to the channel  and  the 
backwater caused  by the i nstal lation of  the 

fl ume;  

the effect  of wi nd  on  the flow over the fl ume,  es-  
pecial ly when  the fl ume i s wi de and  the head  is 

smal l  and  when  the prevai l i ng  wi nd  i s i n  a di -  
rection  transverse to the di rection  of fl ow;  

aquati c weed’growth;  

i )  sediment  transported by the flow.  

5. 1 . 3 I f the si te does not  possess the character-  
i stics necessary for sati sfactory dis harge meas-  

urements,  i t shal l  not  be used  unless sui table 
improvements are practi cable.  

5.2 Instal lation condi tions 

5.2. 1  General  requi rements 

The complete measuri ng  i nstal lation consists of an  

approach  channel ,  a fl ume structure and  a down-  

stream channel .  The condi ti on  of each  of  these three 
components affects the overal l  accuracy of the 

measurements.  I n  addi tion,  features such  as the 
surface fi ni sh of the fl ume,  the cross-sectional  shape 
of  the channel  and  the channel  roughness shal l  be 

taken  i nto consideration.  

5.2.2 Approach channel  

5.2.2. 1  The approach  channel  shal l  comply wi th  the 
fol l owing requi rements.  

a)  I t shal l  be straight and  uni form and  have a con-  

stant slope for a l ength  equal  to fi ve to ten  times 
the water surface width  at maximum flow.  

b)  The bed  sl ope shal l  be such  as to ensure sub-  

cri tical  fl ow wi th  a Froude number T;r of l ess than  
0, 5 (or 0,7) ,  where:  

rr= Qmx 

4&K 

where 

al lax i s the maximum di scharge;  

A is the cross-sectional  area of  the 

channel ;  

4l l ,X i s the maximum water depth.  

5.2.2.2 The flow condi ti ons and  the symmetry of  the 

veloci ty di stribution  i n  the approach  channel  shal l  

be checked by i nspection  and  measurement  using,  
for example,  current-meters,  floats,  veloci ty rods or 

dye.  

NOTE 1  A complete assessment  of the veloci ty distrib-  
uti on  may be made by using a current-meter.  
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52.3 Fl ume structure 

5.2.3. 1  The structure shal l  be ri gid and  watertight  
and  capable of  wi thstanding  flood-flow condi ti ons 
wi thout damage from outflanking  or from down-  
stream erosion.  The axi s shal l  be i n  l i ne wi th  the 

di rection  of fl ow in  the upstream channel ,  and  the 
geometry shal l  conform wi th  the dimensions gi ven 
i n  cl ause 8  or clause 9  as appropriate.  

5.2.3.2 The surfaces of  the fl ume,  particularly those 
of  the entrance section  and  throat,  shal l  be smooth.  
The fl ume may be constructed of concrete wi th  a 
smooth  cement  fi ni sh or may be surfaced wi th  a 
smooth  non-corrodible material .  I n  l aboratory i n-  
stal lations,  the fi ni sh shal l  be equi valent to that of 
rol led sheet  metal  or planed,  sanded and  painted 
timber.  The surface finish  is of  particular importance 
wi thin  the pri smatic part  of the throat,  but  the re-  
qui rements may be relaxed beyond  a di stance along  

the profi le 0,5/1 , , .  upstream and  downstream of the 

throat proper.  

5.2.3.3 To minimize uncertai nty i n  the di scharge 
measurement,  the fol lowing tolerances shal l  be sat-  

i sfied in  construction:  

a)  

b)  

cl  

d)  

e)  

0  

i )  

on  the bottom width  b of  the throat:  0,2 % of h  
wi th  an  absolute maximum of 0,Ol  m;  

on  point  deviations from a pl ane surface i n  the 
throat:  0, l  % of  I ;  

on  the width  between  vertical  surfaces in  the 

throat:  0,2 % of thi s width  wi th  a maximum of 

0,Ol  m;  

on  the average longi tudinal  and  transverse 

sl opes of the base of the throat:  0, l  %;  

on  the slope of i ncl i ned surfaces in  the throat:  
0, l  %;  

on the l ength  of  the throat:  1  % of  k 

on point  deviations from a plane surface i n  the 
entrance transi tion to the throat:  0, l  % of I ;  

on  point  deviations from a pl ane surface i n  the 
exi t transi tion from the throat:  0, 3 % of I ;  

on  deviations from a pl ane or curve on  other 
verti cal  or i ncl i ned surfaces:  1  %;  

on  deviati ri n  from a plane of the bed  of  the l i ned 

approach  channel :  0, l  % of 2.  

The structure shal l  be measured  on  completi on  of 
construction,  and  average values of rel evant di -  

mensions and  thei r standard deviations at 95 % 
confi dence l imi ts shal l  be computed.  The average 

values of  dimensions shal l  be used  for computation  
of the di scharge and  thei r standard  deviations shal l  
be used  to obtain  the overal l  uncertainty i n  the de-  
termination  of  di scharge.  

5.2.4 Downstream of the structure 

The fl ow condi ti ons downstream of the structure are 

important i n  that they control  the tai l -water l evel  
whi ch  may i nfl uence the operati on  of  the fl ume.  The 
fl ume shal l  be so desi gned  that i t cannot  become 
drowned  under normal  operati ng  condi ti ons except 
for a l imi ted peri od of time,  e. g.  duri ng  floods.  The 
construction  of a fl ume i n  a ri ver or stream may al ter 
the flow condi ti ons upstream and  downstream of the 
structure.  This may resul t  i n  the accumulation  of 
ri ver bed  material  further downstream which,  i n  
time,  may cause the normal  water l evel  to ri se suf-  
fi ciently to drown  the fl ume,  particularl y at  l ow rates 
of fl ow.  Any such  accumulation  of material  shal l  be 
removed before i t becomes excessive.  

6 Maintenance -  General  requi rements 

6.1  Maintenance of  the measuri ng  structure and  
the approach  channel  i s important to secure accu-  
rate measurements.  

I t i s essential  that,  as far as practi cable,  the ap-  

proach  channel  to fl umes be kept  cl ean  and  free 
from si l t and  vegetati on  for the minimum di stance 
speci fi ed i n  5.2.2. 1 .  

6.2 The float wel l ,  the connecti ng  pipe and  the inlet 
from the approach  channel  shal l  be kept clean and  
free from deposi ts.  The throat and  the curved  entry 

to a fl ume shal l  be kept  cl ean  and  free from algal  
growths.  

7 Measurement  of head(s)  

General  methods and  devices for measurement  of  
head(s) ,  and  detai l s of  the desi gn  and  functional  re-  
qui rements of  sti l l i ng wel l s and  detai l s of  the zero 
setting of a water-level  measuri ng  devi ce are speci -  
fi ed i n  IS0 4373.  Requi rements on  head  measure-  
ments for parti cular types of fl ume are deal t  wi th  i n  
cl auses 8  and  9  

8 Parshal l  fl umes 

8.1  Description 

Parshal l  fl umes have a rectangular cross-section  

and  consist  of  a convergi ng  entrance section,  a 

throat and  a di verging exi t  section  (see fi gure 1 ) .  

The floor of  the entrance section  shal l  be truly level  

both  l ongi tudinal ly and  lateral ly.  The si de wal ls shal l  
be vertical  and  di sposed at a constant  angle of  con-  

3  
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vergence of  1 1 ”  1 9’  or shal l  have a I :5 contraction  
in  plan  wi th  respect  to the fl ume axis.  

The si de wal ls of the throat shal l  be paral lel  i n  plan.  
The floor shal l  be i ncl i ned downwards wi th  a gradi -  
ent  of 3:8;  thi s appl i es to fl umes of al l  si zes.  The l i ne 
of  i ntersection  of the entrance secti on  floor wi th  the 

throat floor i s known as the crest  of  the fl ume.  The 
elevation  of the crest above the throat i nvert i s re-  

ferred to as the height  of the fl ume crest hp, .  

The si de wal ls of  the exi t section  shal l  be vertical  

and di sposed at  a constant  angle of di vergence of 
9”  28’  or shal l  have a I :6 expansion  i n  plan  wi th  re-  
spect to the fl ume axis.  The floor shal l  be i ncl i ned 
upwards wi th  a reverse gradient  of 1 :6;  this appl i es 

td  fl umes of  al l  si zes.  

Direction 

of flow 

To ensure a smooth  entry of the fl ow i nto the fl ume 
and  to prevent  surface di sturbance at the exi t of  the 
fl ume,  the entrance and  exi t cross-secti ons shal l  be 

connected to the natural  channel  banks or the arti fi -  
cial  channel  si de slopes by means OI  vertical  wi ng  

wal ls di sposed at 45” to the fl ume axis or curved i n  

plan  wi th  a radius R a 2h, , , , ,  (see fi gure 1 ) .  For 

smal ler si zes of fl umes wi th  throat widths less than  

0, 5 m,  the wing  wal ls may be placed at ri ght angles 
to the fl ume axis.  

Parshal l  fl umes may be constructed of wood,  stone,  

concrete,  rei nforced concrete,  or any other material  

dependi ng  on  the prevai l i ng  condi ti ons.  Smal l  

Parshal l  fl umes may be bui l t  of sheet  metal  and  
used  as portable structures.  Flumes made of rein-  

forced concrete may be prefabricated for assembly 

i n  the field.  

a)  Plan view 

-Y-t-  

b)  Sectional  view 

Figure 1  -  Parshal l  fl ume 
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Table 1  -  Dimensions for standard Parshal l  fl umes 
Dimensions in  metres 

Parshal l  
fl ume No.  

1  

1  

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

I2 

1 3 

b r 

2 

. -  
3 

0, 1 52 0,305 

0,250 0,600 

0,300 0,600 

0,450 0,600 

0,600 0,600 

0,750 0,600 

0,900 0,600 

1 ,000 0,600 

1 ,200 0,600 

1 ,500 0,600 

1 ,800 0.600 

2, 1 00 0,600 

2,400 0,600 

Throat T 
X 

_-  

4 

0,05 

0,05 

0.05 

0,05 

0,05 

0,05 

0,05 

0,05 

0,05 

0.05 

0,05 

0,05 

0,05 

Y 

5 

0,075 

0,075 

0,075 

0,075 

0,075 

0,075 

0,075 

0,075 

0,075 

0,075 

0,075 

0,075 

0,075 

6 7 8 9 1 0 1 1  1 2 1 3 1 4 

0, 1 1 5 0,uo 0,61 0 0,622 0,41 5 0,39 0,61  0,01 2 0,60 

0,230 0,78 1 ,325 1 ,352 0,900 0,55 0,92 0,072 0,80 

0,230 0,84 1 ,350 1 ,377 0,920 0,60 0,92 0,072 0,95 

0,230 1 ,02 1 ,425 1 ,454 0,967 0,75 0,92 0,072 0,95 

0,230 I ,20 1 ,500 1 ,530 1 ,020 0.90 0.92 0,072 0,95 

0,230 1 ,38 1 ,575 1 ,607 1 ,074 1 ,05 0‘92 0,072 0,955 

0,230 I ,56 1 ,650 1 ,683 1 , 1 21  I ,20 0,92 0,072 0,95 

0,230 1 ,68 1 ,700 1 ,734 1 , 1 61  I ,30 0,92 0,072 I  , oo 

0,230 I ,92 1 ,800 1 ,836 1 .227 I ,50 0,92 0,072 l ,oo 

0,230 2,28 1 ,950 1 ,989 1 ,329 1 ,80 0,92 0,072 I ,00 

0,230 2,64 2, 1 00 2, 1 42 1 ,427 2, lO 0.92 0,072 I ,00 

0,230 3,00 2,250 2,295 1 ,534 2,40 0,92 0,072 1  ,oo 

0,230 3,36 2,400 2,448 1 ,632 2,70 0,92 0,072 1 ,oo 

Entrance section 

8.2 Dimensions 

Parshal l  fl urnes have a speci fi c feature in  that  the 
fl umes are not  geometri cal l y si rni lar models of each  
other.  The throat l ength,  crest  height  and  l ength  of  
the exi t section  remain  constant for a series of  

fl umes whi le other dimensions vary as a function  of  
the throat width;  these other dimensions may be 
determined  analytical ly.  

I t i s thus essential  to use cal i brated fl umes con-  
structed in  accordance wi th  the dimensions speci -  
fi ed i n  tables 1  and  2  for standard and  l arge Parshal l  
fl umes respecti vely.  

8.2. 1  Standard Parshal l  fl umes 

The si ze of a parti cular standard  Parshal l  fl ume is 
denoted  by i ts throat width  b (see table 1 ,  col umn 2) .  

For the series of  standard Parshal l  fl umes having  
throat widths h from 0,250 m to 2, 400 m (see table 1 ,  

col umn 1 ,  Nos.  2  to 1 3)  the l eading  dimensions are 
i dentical ,  i .e.  the throat l ength  I  (col umn 3) ,  the 

hei ght  of the c’ .est &, ,  (col umn 6) ,  the coordi nates X 

and  Y of the t, l roat cross-section  at the sti l l i ng wel l  
pi pe used  for the measurement  of the head  h,  (col -  

umns 4 and  5) ,  the axial  l ength  of the exi t section  (*  

(col umn 1 2) ,  the height  h, ,  (col umn 1 3) ,  the sl ope of 

Exi t  section r Side wal l  
height 

the throat floor (3:8)  and  the reverse slope of  the exi t 
section  floor (1 :6) .  

The other dimensions of these fl umes (Nos 2  to 1 3)  
are calculated using  the fol l owing equations.  

a)  Width,  i n  metres,  of  the entrance cross-secti on  
of the fl ume 

h,  = 1 ,2h + 0,48 (1 )  

b)  Axial  l ength,  i n  metres,  of the entrance section  

I ,  =0,5h+ 1 .2 . (2)  

c)  Convergi ng  wal l  l ength,  i n  metres 

le = 1 ,021 ,  .  . . (3)  

d)  Wal l  l ength,  i n  metres,  between  the crest  and  the 
head /I ,  measurement  section  

I ,  = 21 J3 (4)  

e)  Width,  i n  metres,  of  the exi t cross-section  of the 
fl urne 

h2 = h+ 0,30 .  . (5)  

f)  Si de wal l  height,  i n  metres,  i n  entrance section  

kc =  ha,  mm + (0, 1 5 A 0,ZO)  . (6)  
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I t i s recommended that an  addi ti onal  al l owance of  
up to 1  m be provided i n  the height  of the si de wal ls 

to avoid  the ri sk of  overtopping  when  flows through  
the fl ume are in  excess of  the maximum design  dis-  
charge.  

The l engths Z,  and  l4 of the wi ng  wal ls vary wi th  the 
width  of  the natural  or arti ficial  channel  (see 

figurel ) .  To ensure proper connection  to the chan-  
nel  banks or the arti ficial  channel  si de slopes,  the 
wi ng  wal ls shal l  extend a di stance of  at  l east 0, 4 m 
to 0,5 m i nto the channel  banks.  

8.2.2 Large Parshal l  fl umes 

I n  contrast wi th  standard  Parshal l  fl umes,  the di -  
mensi ons of  l arge Parshal l  fl umes shal l  be deter-  
mined i ndependentl y for each  particular desi gn  as 
a function  of the throat width.  No  analytical  
equati ons are avai lable for the determination  of the 

l eading  dimensions of l arge Parshal l  fl umes;  the 

values speci fi ed i n  table2 shal l  apply.  These values 

shal l  be nei ther varied  nor rounded off wi thout ad-  

di tional  cal ibration of the fl ume.  

Table2 gi ves the l eading  dimensions of l arge 

Parshal l  fl umes wi th  throat widths between  3, 05 m 
and  1 5,24 m for measuri ng  di scharges in  the range 
from 0, 1 6 m3/s to 93  m3/s.  I t may be seen  in  table2 

that I ,  X,  Y,  hp,  and  h, ,  remain  constant for a series 

of fl umes.  I n  addi ti on,  the sl opes 3:8 and  I :6 of  the 
throat floor and  the exi t section  floor respectively,  
and  the angles of convergence (1 1 ”  1 9’)  and  di ver-  

gence (9” 28’)  of the si de wal ls of  the entrance and  
exi t  sections al so remain  constant  for al l  Parshal l  

fl umes.  The only dimension  that may be determined  
analytical ly i s the wal l  l ength  between  the crest  and  
the entrance cross-section  of the sti l l i ng wel l  pi pe 
used  for the measurement  of ha.  

This l ength  is gi ven,  i n  metres,  by the equati on  

I ,  =  +  +  0, 81 3 

I t i s recommended  that the throat width  b be equal  

to from one-thi rd  to one-hal f  times the bottom width  

h,  of  the natural  or arti ficial  channel  (see fi gure 1 ) .  

Table 2 -  Dimensions for large Parshal l  fl umes 
Dimensions in  metres 

Parshal l  
fl ume No.  --,  

Throat 

f I  I  

’  1 21 31 41 51 6 
1 4 3.05 0,91  0,305 0,23 

1 5 3,66 0,91  0,305 0,23 

1 6 4,57 I ,22 0,305 0,23 

1 7 6, lO I ,83 0,305 0,23 

1 8 7,62 1 , 83 0,305 0.23 

1 9 9, 1 4 I ,83 0,305 0,23 

20 1 2, 1 9 1 .83 0,305 0,23 

21  f5,24 1 . 83 0,305 0.23 

0,343 

0,343 

0,457 

0,686 

0,686 

0,686 

0,686 

0,686 

Entrance section  T 
h,  

7 8 9 

h,  

IO 

4.76 4,27 I , 83 3,66 

5.61  4,88 2,03 4.47 

7,62 7,62 2,34 5,59 

9. 1 4 7,62 2,84 7,32 

IO,67 7,62 3,35 8.94 

1 2,3t  7,93 3,86 IO,57 

1 5,48 8,23 4.88 1 3, 82 

1 8, 53 6,23 5,89 1 7,27 

Exi t section  

-  

1 2  h  P*  

1 1  1 2 

1 ,83 0, 1 52 

2.44 0, 1 52 

3,05 0,203 

3,66 0,305 

3,96 0,305 

4927 0,305 

4,88 0,305 

6, lO 0,305 

i  

Side wal l  

height 

1 3 

I ,22 

I ,52 

I ,83 

2, 1 3 

2, 1 3 

2, 1 3 

2, 1 3 

2, 1 3 

6 
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8.3 Measurement of head and l imi ts of 
appl ication 

The di scharge through  a Parshal l  fl ume i s deter-  
mi ned by measuri ng  the heads i n  the entrance sec-  

ti on  (upstream head,  h, )  and  throat section  
(downstream head,  A, . , ) .  Whether one or both  heads 
have to be measured  depends on  the fl ow condi ti ons 

i n  the fl ume.  

For free-flow condi ti ons,  only the head  1 ~~  needs to 
be measured.  The section  for measurement  of the 
head  ha shal l  be l ocated a di stance 2,  measured  

Parshal l  
fl ume 
No.  

1  2 3 4 5 6 7 8 9 

1  0, 1 52 0,381  h:n580 0,03 0,45 1 ,5 1 00 

2 6.25 0,561  ! I , ‘ ,~‘~  0,03 0,60 3.0 250 

3 0,30 0,679 h, 1 . ‘ *’  0,03 0,75 3,5 400 

4 0,45 1 ,038 h, 1 . -’  0,03 0,75 4.5 630 

5 0,60 1 ,403 hy 0,05 0,75 1 2.5 850 

6 0,75 1 , 772 !~, 1 . =~  0,06 0,75 25,0 1  1 00 

7 0,90 2, 1 47 h, ‘ ,565 0,06 0,75 30,o 1  250 

8 1  . oo 2.397 h, 1 a56g  0.06 0,80 30,o 1  500 

9 I ,20 2,904 h, 1 x577 0,06 0,80 35.0 2 000 

1 0 I ,50 3,668 h, ‘ , 58” 0,06 0,80 45,0 2 500 

1 1  I ,80 4,440 h, 1 .5g3 0,08 0,80 80,O 3 000 

1 2 2, lO 5,222 his5” 0,08 0,ao 95,o 3 600 

1 3  2,40 6,004 h, lnfio5 0,08 0,80 1 00,o 4 000 

along  the obl i que wal l  upstream from the crest  of  
the fl ume [I ,  may be calculated usi ng  formula (4)  
and  formula (7) ] .  The recommended range of  heads 
ha i s speci fied in  tables 3  and  4.  

Where hi gh  accuracy is not  of great importance a 
staff gauge,  set vertical ly i n  the head  measurement  

section  on  the i nside face of  the convergi ng  en-  
trance wal l ,  may be used  to determine the head  ha.  
The staff gauge shal l  be zeroed  careful ly wi th  re-  

spect  to the elevation  of  the fl ume crest,  whi ch  is the 
elevation  of the hori zontal  fl ume floor at  the down-  
stream end  of  the entrance section.  

Table 3 -  Di scharge characteristics of standard Parshal l  fl umes 

Throat 
width  

b 

m  

Discharge 
equation’)  

Q = a, ” 

m ’/s 

1 )  c =  C& x 3, 279” 

where 

C,  i s the coefficient of discharge;  

n  i s an  exponent dependent on  h.  

Head range Discharge range*)  

ha Q 

m x 1 O-3  m3/s 

min.  max min.  max.  

Modular Submergence 
l imi t ratio 

6,  0.  

(exper-  (recom-  
imental )  mended)  

0,55 

-  

0,62 

0,64 

0,66 

0,67 

0,68 

-  

0,70 

0,72 

0,74 

0,76 

0,78 

‘3,6 

07’3 

09’3 

076 

03’3 

076 

096 

0,7 

67 

67 

67 

0,7 

67 

2)  Rounded lo the nearest rational i zed value.  J  

7 
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Parshal l  
fl ume 
No.  

Throat 

width  

b 

Table 4 -  Discharge characteristics of l arge Parshal l  fl umes 

Discharge Submergence 
equation’)  for 

Head range Discharge range 
Submergence :  coefficient 

free-flow ratio (correction 
condi tions factor)  

ha Q u  ca 

Q = C,h: . ’  
m m3/s 

(recommen-  
m m3/s min.  max min.  max.  ded)  

1  2 3 4 5 6 7 8 9 

1 4 3,05 7,463 h, l '"  0,09 I ,07 0, 1 6 8,28 0,80 1 90 

1 5 3,66 8,859 h:*'  0,09 1 ,37 0. 1 9 1 4,68 0,80 1 2 

1 6 4,57 IO,96 hi s6 0,09 1 ,67 0,23 25,04 0,80 1 75 

1 7 8, lO 1 4,45 hi '"  0,09 1 , 83 0,31  37,97 0.80 290 

1 8 7-62 1 7,94 hia6 0, 09 1 .83 0,38 47, 1 6 0,80 23 

1 9 9, 1 4 21 ,44 h,  0,09 1 .83 0,46 56.33 0,80 3,O 

20 1 2, 1 9 28,43 h, ' , "  0,09 1 ,83 0,60 74,70 0,80 430 

21  1 5,24 35,41  h, l j ”  0. 09 1 .83 0,75 93,04 0,80 5,O 

1 )  C,  =  C,b,  where CD is the coeffi cient of di scharge.  

Where greater accuracy is requi red or where 
conti nuous-recordi ng  i nstruments or stage-sensing  
devices are to be used,  considerati on  shal l  be gi ven 

to providing  a sti l l i ng wel l .  To connect  the sti l l ing 

wel l  to the flow in  the fl ume,  a l ength  of  pipe i s used,  
i ts i nlet bei ng  l ocated at the recommended  posi tion 
for the measurement  of  head,  near the floor of the 
entrance section  (see fi gure 1 ) .  

I f a Parshal l  fl ume is to be operated  under 
submerged-fl ow condi ti ons,  measurement  of both  
heads ha and  h,  i s requi red.  The section  for the 

measurement  of cl ,  shal l  be l ocated in  the throat,  a 

di stance X from the throat i nvert.  Si nce the flow in  
the throat i s qui te turbulent,  whi ch  causes consider-  

able fl uctuation  of the water surface,  i t i s undesi r-  

able to use a staff gauge for the measurement  of  
h, .  Consequentl y,  a sti l l ing wel l  i s necessary.  

Tables 1  and  2  gi ve values of  X and  Y,  whi ch  are the 
coordinates of the entrance cross-section  of the 

connecti ng  pipe,  for vari ous fl ume sizes.  The sti l l i ng 

wel l  may accommodate a staff gauge,  a stage-  
sensi ng  devi ce or a conti nuous-recordi ng  i nstru-  
ment  whi ch  shal l  be zeroed  accurately to the 

elevation  of the fl ume crest.  

The desi gn  of sti l l i ng wel l s and  connecti ng  pipes 
shal l  comply wi th  the requi rements speci fi ed i n  
cl ause 7.  

Sti l l i ng wel l s for the measurement  of  heads /la and  
h,  shal l  preferably be placed adjacent to one an-  
other so that the complete i nstal lation i s l ocated in  
one place (ei ther outdoors or i ndoors) .  

The recommended range of heads that can  be 

measured  by vari ous si zes of  Parshal l  fl umes is 

from 0. 03 m to 0,8 m for standard  fl umes and  from 

0, 09 m to I , 83 m for l arge fl umes (see tables 3  and  
4 respecti vely) .  

8.4 Free-flow and submerged-flow condi tions 

The di scharge through  a Parshal l  fl ume is consid-  
ered  to be free fl ow when  i t i s i ndependent  of vari -  

ati ons in  tai l -water level .  I n  a Parshal l  fl ume 
operati ng  under free-flow condi ti ons,  fl ow i n  the en-  

trance section  is subcri ti cal ,  wi th  depths decreasing  
in  the di rection of fl ow unti l  the cri tical  depth  is 

reached near the fl ume crest.  Beyond  the crest,  i n  
the throat section,  depths are subcri tical  (see 

figurel ) .  Free-flow condi ti ons wi l l  exist unti l  the 
downstream head  i ncreases to the point  where i t 

8 
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causes the submergence ratio (cr =  h/h, )  to become 
equal  to the modular l imi t nc,  i .e.  

Qc =  b/ha .  (8)  

h  i s the throat width,  i n  metres;  

ha i s the head  in  the entrance section,  i n  me-  
tres;  

When  this happens the flow in  the exi t section  and  
i n  the greater part  of  the throat becomes drowned 
(see fi gure 1 ) .  

Cc,  i s the coeffi cient of di scharge;  

n i s an  exponent  dependent  on  b.  

Wi th  an  even  greater downstream head,  
submerged-fl ow condi ti ons wi l l  extend  further up-  

stream to the entrance section  and  wi l l  thereby t-e-  

duce the di scharge through  the fl ume.  I n  a fl ume 
operati ng  under submerged-fl ow condi ti ons,  the 
di scharge to be measured  depends on  the sub-  

merged  ratio u.  

Cal ibration  tests i ndicate the modular l imi t for stan-  

dard  Parshal l  fl umes to be from 055 to 0, 78 (see ta-  

ble3,  col umn 8) .  The recommended  average value 

The di scharge through  standard Parshal l  fl ume 

Nos.  2  to 1 3,  operati ng  under free-flow condi ti ons,  i s 

obtai ned from the fol l owing equation:  

,  1  \ 1 .569h0,02~ 

Q=W72h(&)  .  .  (1 0)  

(i .e.  Cc =  0, 372 and  n = 1 , 5696°.026;  for the standard 

Parshal l  fl ume No.  1 ,  CD =  0, 384 and  n  has the same 
values as above) .  

of the submergence ratio is 0.6 to 0, 7 (see table3,  The di scharge equati ons for each  of the standard 
col umn 9)  and  0, 8 (see table4,  col umn 8)  for stan-  Parshal l  fl umes are speci fied i n  table3,  col umn 3,  
dard  and  l arge Parshal l  fl umes respectively.  where C =  C, h(3,279) “.  

The determination  of di scharge under submerged-  The di scharge through  l arge Parshal l  fl umes (see 
fl ow condi ti ons is possible provided that the sub-  table4,  col umn  1 ,  Nos.  1 4 to 21 )  operati ng  under 
mergence ratio does not  exceed 0,95.  free-flow condi ti ons (i .e.  (r (  a, )  i s obtai ned from the 

fol l owing equati on:  

Q = (2,292h + 0,48)h;:+ 
With  hi gher submergence ratios the fl ume ceases to 

operate as a fl ow-measuri ng  structure.  

I t should  be noted  that a fl ume operati ng  under 
submerged-fl ow condi ti ons offers the advantage of  
the l owest head  loss.  However,  submerged  flow 

condi ti ons make di scharge measurements l ess ac-  
curate than  those carried  out  under free-flow condi -  
ti ons.  I t i s thus advisable to choose the dimensions 
of  a fl ume so that i t operates under submerged-now 

condi ti ons only for a l imi ted peri od  of time,  e. g.  
duri ng  fl oods.  

M (2, 3h  + 0,48)hJL6 .  (1 1 )  

(i .e.  CD =  2,3 +  0,48/h  and  n  = 1 ,6. )  

The di scharge equati ons for each  of the l arge 
Parshal l  fl umes are speci fi ed in  table4,  col umn 3,  
where C,  =  Cbh.  

Tables 3  and  4 al so gi ve values of  the range of free 
di scharge [computed  from formulae (1 0)  and  (I I ) ]  

appl i cable for al l  fl ume sizes.  

8.5 Determination of di scharge 8.5.2 Determination of di scharge under 
submerged-flow condi tions 

8.51  Determination of di scharge under free-flow 
condi tions 

The di scharge through  a Parshal l  fl ume operati ng  

under submerged-fl ow condi ti ons is affected by the 

downstream head  and  is thus obtai ned by means of  
an  adjustment  to the free di scharge:  

The di scharge through  a Parshal l  fl ume operati ng  

under free-flow condi ti ons (i .e.  0  <  (TJ  is obtai ned 
from the fol lowing general  equati on:  

Q = C&h, ” .  (9)  

where 

Q i s the di scharge,  i n  cubic metres per sec-  

ond;  

Qse = Q -  QE .  .  

where 

Qdr i s the submerged di scharge;  

Q i s the free di scharge obtai ned from ei ther 

formula (1 0)  or formula (1 1 ) ;  

QE i s the reduction  i n  di scharge as a resul t  
of  submergence.  

9 
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To evaluate QE for standard Parshal l  fl umes (i .e.  

Nos.  1  to 1 3)  the fol l owing empi rical  equati on  shal l  
be used:  

QE = 0,07 
h,  

[(1 ,8/a)"*-  2, 46]0,305 >  

4.57 -3. 1 4u  

+ 

+ cr)b”.8’5 

For l arge Parshal l  fl umes the procedure for deter-  

mini ng  Qs is as fol lows.  

From fi gure 2,  select the value of  QE,3 (for the throat 
width  b = 3,05 m)  corresponding  to the sub-  

mergence ratio u  and  the upstream head h,  for the 

fl ume.  

For throat widths b other than  3, 05 m,  mul tiply the 

value of  QE,3  obtai ned from fi gure3 by the sub-  
mergence coeffi cient (7,  corresponding  to the actual  
throat width  (see table4,  col umn 9) ,  i .e.  

QE = QE.& (1 4)  

Substi tute the calculated value of QE i nto formula 

(1 2)  to determine the value of submerged  di scharge 

Qdr 

9 SANI IRI  fl umes 

9.1  Description 

SANl lRf fl umes have a rectangular cross-section  and  
consist of a convergi ng  entrance section  wi th  a level  
floor whi ch  has a fal l  at  i ts downstream end.  There 
i s then  an  abrupt expansi on  (in  plan)  of  the fl ume 

cross-section  to join  the downstream channel  {see 

fi gure 3) .  

The absence of  a throat and  a di verging  exi t secti on  

means that SANI IRI  fl umes are simpler i n  desi gn  

than  Parshal l  fl umes.  

The si de wai l s shal l  be vertical  and  shal l  converge 
(i n  plan)  at  an  angle of convergence of  1 1 ”;  thi s ap-  

pl ies to al l  si zes of  fl ume.  

The fal l ,  i .e.  the elevation  of  the fl ume floor above 

the bottom of the downstream channel ,  i s referred 
to as the si l l  of  the fl ume hp.  When  a fl ume wi th  a si l l  

i s constructed in  a natural  channel ,  i t i s necessary 

that the bed  and  banks downstream of the si l l  be  

l i ned for a di stance 5.  

Where desi red or necessary,  the floor of  the fl ume 
may be el evated i n  compari son  wi th  the bottom of 

the upstream channel ,  thus producing  a si l l  of  hei ght  

6  

The entrance to and  exi t from the fl ume shal l  be 
connected  to the channel  banks by means of verti cal  

wal l s di sposed (i n  plan)  at  ri ght angles to the fl ume 
axis (see fi gure 3) .  

SANI IRI  fl umes may be constructed of concrete,  re-  
i nforced concrete or concrete block,  or as a hol l ow 
structure made of sheet  metal  wi th  sti ffened angles 

and  fi l led wi th  cement  mortar.  

9.2 Dimensions 

SANI IRI  fl ume desi gns are geometri cal ly simi lar 
models of  each  other,  thei r dimensions bei ng  a 

function  of  width  b of the exi t cross-section  of  the 

fl ume.  The other dimensions of these fl umes are 

calculated usi ng  the fol l owing equations.  

a)  Width,  i n  metres,  of the entrance cross-section  

b,  = 1 ,7b .  .  (1 5)  

b)  Length,  i n  metres,  of  the fl ume 

lo = l ,  =  26 (1 6)  

c)  Height,  i n  metres,  of  the si l l  

h,  >  oJ%,  max (1 7)  

d)  Length,  i n  metres,  of  the l i ned downstream 

channel  

e)  Height,  i n  metres,  of  the si de wal ls 

1 % =  ha.  max +  (0, 1 5 A 0,20)  .  ( ‘9)  

f)  Range of width,  i n  metres,  of  the exi t cross-  
section  

0,2 <  b <  I , 0 .  .  .  (20)  

Table5 gi ves a summary of the dimensions and  ca-  
paci ti es of  al l  standard  SANI IRI  fl umes.  

The mean  width  h,  of the natural  or arti ficial  channel  

shal l  be greater than  or equal  to 1 ,4b, ,  i .e.  

b,  Q 0,7b,  .  .  (21 )  

This shal l  be taken  i nto considerati on  when  select-  

i ng  the si ze of fl ume to be used,  i n  any parti cular 

channel .  
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Figure 2 -  Diagram for determining the discharge correction for large Parshal l  fl umes 
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1 2 3 45 6  78 

Direction 

of flow 

a)  Plan view 

b)  Sectional  view 

1  Staff gauge 

2  Inlet of pi pe to sti l l ing wel l  3  

3  Sti l l i ng wel l  for measurement  of h,  

4  Head  measuri ng  device 

5  Head  measuri ng  device 

6  Sti l l i ng wel l  for measurement  of /lb 

7 Inlet of pi pe to sti l l ing wel l  6  

8  Staff gauge 

Figure 3 -  SANI IRI  fl ume 

1 2 



IS0 9826:1 992(E)  

Table 5 -  Dimensions and capaci ties of standard SANI IRI  fl umes --  

Head range 

SANI IRI  
fl ume No.  

h  I ,  = I ,  h!J  

m m  m m m min.  

I  2 3  4  5  6  7  8  

Free-flow 
discharge range Q 

m m3/s 

max.  

--  

9 

min.  max.  

1 0 1 1  

0,3 0.6 0.51  0, 40 or7 1 . 8 0, 1 4 0.55 0.03 0, 25 

0,4 038 0,68 0, 50 01 8 1 78 0, 1 4 0,60 0,04 0, 40 

0,5 I ,0 0.85 0, 65 0, 9 290 0, 1 5 0, 70 0, 06 0, 63 

0, 60 1 2 I , 02 0. 80 I ,0 23 0,20 0, 85 0, IO 1  , oo 

0, 75 I ,5 1 , 275 1  , oo I ,2 3,O 0, 22 1 8  0, 1 6 I  , 60 

I tO 2,o I , 70 I  , 20 I ,3 3,o 0, 24 I , 1  0, 25 2, 50 

The range of  heads that can  be measured  by various 

si zes of  SANI IRI  fl umes is from 0, l  m to I , 1  m (see 

table 5) .  

9.3 Measurement of head and l imi ts of 
appl ication 

The di scharge through  a SANI IRI  fl ume is deter-  
mined by measuri ng  the heads (water depths)  i n  the 
entrance section  (upstream head,  h, )  and  exi t sec-  

ti on  (downstream head,  h, , )  (see fi gure3) .  

Whether one or both  heads have to be measured  
depends on  the fl ow condi ti ons in  the fl ume.  

For free-flow condi ti ons,  only the head ids needs to 

be measured.  The l ocation of the measurement  

section  accommodati ng  the inlet (2 i n  fi gure 3)  of the 
connecti ng  pi pe to the sti l l i ng wel l  (3  i n  fi gure3)  for 
the measurement  of  /ta coincides wi th  the entrance 
cross-secti on  of  the fl ume.  

I f no  sti l l i ng wel l  i s provided,  a staff gauge (1  i n  fig-  

ure 3) ,  whi ch  has been  zeroed careful ly wi th  respect 
to the elevation  of the fl ume floor,  shal l  be set  near 

the entrance to the fl ume.  

For submerged  flow both  heads h,  and h,  need  to 
be measured.  

The l ocation  of the measurement  section  accommo-  

dati ng  the inlet (7 i n  fi gure3)  of  the connecti ng  pi pe 

to the sti l l i ng wel l  (6 i n  fi gure 3)  for the measurement  
of  h,  coincides wi th  the exi t cross-section  of the 

fl ume.  The inlet of the connecti ng  pipe shal l  be l o-  

cated at the elevation  of the fl ume floor.  I f no  sti l l i ng 

wel l  i s provided,  a staff gauge (8 i n  fi gure3)  set ver-  
tical ly on  the exi t wal l  may be used.  

The desi gn  for sti l l i ng wel l s and  connecti ng  pipes 

shal l  comply wi th  the requi rements speci fi ed i n  

cl ause 7.  

9.4 Free-flow and submerged-flow condi tions 

The di scharge through  a SANI IRI  fl ume is consid-  
ered  to be free fl ow unti l  the modular l imi t bC=0,2.  
When  the submergence ratio (a =&/ha)  is greater 

than  the modular l imi t,  the fl ow in  the fl ume wi l l  be-  
come drowned.  An  addi ti onal  hei ght of  the si l l  may 
be provided to extend the free-flow range.  

The determination  of di scharge under submerged-  

flow condi ti ons is possible provided that the sub-  
mergence ratio does not  exceed 0,9.  

9.5 Determination of di scharge 

9.5. 1  Determination of di scharge under free-flow 
condi tions 

The di scharge through  a SANI IRI  fl ume operati ng  
under free-flow condi ti ons (i .e.  D  Q 0.2)  i s obtai ned 
from the fol lowing equation:  

where CD is the coeffi cient of di scharge obtai ned 

from 

(23)  CD =  0,5 -  
0, 1 09 

6, 26h,  +  1  
,  .  .  

9.5.2 Determination of di scharge under 
submerged-flow condi tions 

The di scharge through  a SANI IRI  fl ume operati ng  

1 3 
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under submerged-fl ow condi ti ons (i .e.  0  >  nc =  0,2)  

i s obtai ned from the empi rical  equation:  

Qci r =  4% (24)  

where 

&*  i s the submergence di scharge:  

c,  i s the submergence coeffi cient or cor-  
rection  factor obtai ned from:  

C,=1 , 085 1  -  
1  

I I ,7 (1  -a)  +  1  1  (25)  

Values of  C,  for the range of  submergence ratios u  
from 0,20 to 0, 90 are speci fied in  table 6.  

Table 6 -  Submergence coefficients (correction 
factors)  ior SANI IRI  fl umes 

CT 

0,20 0,98 

0,26 0.97 

0,32 0,96 

0,38 

0,42 

0,47 

0,95 

0, 94 

0, 93 

0 

0,50 0.92 

0,55 0.91  

0,58 0,90 

0,60 0.89 

0,62 0,88 

0,65 0,87 

0,67 0,86 

0,70 0,84 

r7 

0.72 0,83 

0,74 0,82 

0,75 0,81  

0,76 0,80 

0,77 0,79 

0,78 0,78 

0,79 0,77 

0,80 0,76 

u  

0,81  0.75 

0,82 0,73 

0,83 0,71  

0.85 0,69 

0,86 0,67 

0.87 0,65 

0.88 0,63 

0,89 0,61  

0,90 0,58 

1 0 Uncertainties i n  flow measurement  

1 0. 1  General  

1 0. 1 . 1  I n  general ,  the component  uncertainti es 

ari si ng  from vari ous sources of  error may be as-  

sessed  (see 1 0.4 and  1 0.5)  and  combined  (see 1 0.6)  
to obtai n  an  estimation  of the total  uncertainty i n  the 
di scharge measurement.  This total  uncertainty wi l l  
al l ow j udgement or whether the di scharge can  be 
measured  wi th  suffi cient accuracy for the purpose in  

hand.  Clause 1 0  is i ntended to provide sufficient i n-  
formation  for the user of  this I nternational  Standard  
to estimate the uncertainty i n  a measurement  of  
di scharge (see al so IS0 51 68’) ) .  

1 0. 1 .2 The total  uncertainty may be defi ned as the 

di fference between  the true di scharge and  that cal -  
culated i n  accordance wi th  the equati ons used  for 
cal ibrating the fl ume,  whi ch  is assumed  to be con-  

structed and  i nstal led in  accordance wi th  this I nter-  

national  Standard.  

The term “uncertainty” i s used  to denote the range 
of  values,  around  the measured  value,  wi thin  whi ch  
the true di scharge i s expected  to l ie 1 9  times out  of  
20  (i .e.  wi th  95 % confi dence l imi ts) .  

1 0.2 Sources of error 

1 0.2. 1  The sources of  error i n  the di scharge meas-  
urement  may be i denti fied by considering  a gener-  
al i zed form of the di scharge equati on  for fl umes:  

where 

r:,  i s a numeri cal  constant  not  subject  to 

error:  

g i s the acceleration  due to gravi ty,  whi ch  

varies from place to place,  but  the vari -  

ati on  may be neglected in  fl ow measure-  
ments.  

1 0.2.2 The only sources of error whi ch  need  to be 
considered are:  

a)  the di scharge coeffi cient CD;  

b)  the dimensional  measurements of  the fl ume,  for 

example the throat width,  h,  of the fl ume;  

c)  the measured  head  1 2.  

1 0.3 Types of error 

1 0.3. 1  Errors may be classi fied as random or sys-  
tematic,  the former affecting the reproducibi l i ty 
(precision)  of  measurement  and  the latter affecting 

i ts true accuracy.  

1 0. 3. 2 The standard deviation  of  a set of  n  meas-  
urements of  a quanti ty y under steady condi ti ons 

may be estimated from the equati on:  

(27)  

1 )  IS0 51 68: 1 978,  Measurement  of  fl uid f/ow -  Estimation of uncertai nty of a Now-rate measurement.  
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where 

u  i s the ari thmetic mean  of the n  measure-  
ments:  

Yi  i s the resul t  of a single measurement.  

The standard deviation  of  the mean  is then  gi ven by 

and  the uncertai nty of  the mean*)  i s 2. ~~  (at the 95 % 
confi dence level ) .  Thi s uncertainty is the contrib-  

uti on  of the uncertainti es i n  the observati ons ofy to 

the l ocal  uncertainty.  

1 0.3.3 A measurement  may al so be subject to sys-  
tematic error;  the mean  of very many measured  
values would  thus sti l l  di ffer from the true value of  
the quanti ty bei ng  measured.  For example,  an  error 
i s setti ng the zero of a water-level  gauge to the ele-  
vation  of entrance floor produces a systematic di f-  
ference between  the true mean  of  the measured  
head  and  the actual  value.  As repeti ti on  of the 

measurement  does not  el iminate systematic 
the actual  value can  only be determined by 
dependent  measurement  known  to be more 

rate.  

error,  
an  i n-  
accu-  

1 0.4 Uncertainties i n  coefficient values 

1 0.4. 1  The values quoted  i n  this I nternational  Stan-  

dard  for the various coeffi cients i n  the di scharge 

equati ons for Parshal l  and  SANI IRI  fl umes were ob-  

tai ned empi rical ly on  the basis of experiments,  
whi ch  have been  careful ly carried  out,  wi th  sufficient 

repeti ti on  of  the readings to ensure adequate preci -  
sion.  However,  when  measurements are made on  

other simi lar i nstal lations,  systematic di screpancies 

between  coeffi cients of  di scharge may occur owing  
to variati ons i n  the surface finish of the device,  i ts 
i nstal lation,  the approach  fl ow condi ti ons,  the scale 

effect between  model  and  si te structures,  etc.  

1 0. 4. 2 The uncertainti es i n  the di scharge coeffi -  
cients quoted  i n  thi s i nternational  Standard are cal -  

culated on  the basis of the deviation  of  the 
experimental  data (from various sources)  from the 
theoretical  equati ons gi ven and  are on  the whole 
systematic.  The percentage systematic uncertainty 
i n  C for Parshal l  fl umes X”,  i s between  2  % and  

4 % and  for SANI IRI  fl umes pi l lc= 3  %.  

1 0.5 Uncertainties in  measurements made by 
the user 

1 0.5. 1  Both  random and  systematic errors wi l l  oc-  

cur i n  measurements made by the user.  

1 0.5.2 Si nce nei ther the methods of measurement  

nor the way i n  whi ch  they are to be made i s speci -  

fi ed,  no  numerical  val ues for uncertainti es i n  thi s 
category can  be given:  they shal l  be estimated by 

the user.  For example,  consideration  of the method  

of measurement  of the width  of the fl ume should  
permi t  the user to determine the uncertainty i n  this 
quanti ty.  

IO.53 The uncertainty i n  the value of the gauged 
head  shal l  be determined  from an  assessment  of  the 

i ndividual  sources of error,  e.g.  the uncertainty i n  
the determination  of  the gauge zero,  the freedom 

from bias and  the repeatabi l i ty of  the measuring  
device (of  whi ch  the mechanical  backlash  of the 
equipment  i s an  important el ement) ,  the fl uctuations 
of  the level  to be measured,  etc.  The uncertainty i n  

the gauged  head  is the square root of the sum of the 
squares of  the i ndividual  uncertainti es.  This uncer-  
tainty may be smal l  i f a vernier or micrometer i n-  
strument  is used,  wi th  a zero determination  of 

comparable accuracy.  

1 0.5.4 The uncertainty i n  dimensional  measure-  
ment  of the fl ume (essential l y the width  b)  wi l l  de-  

pend  on  the accuracy to whi ch  the devi ce as 

constructed can  be measured.  I n  practice,  this un-  

certainty may often  prove to be insigni fi cant i n  

compari son  wi th  other uncertainti es.  

1 0.6 Combination  of uncertainties 

1 0.6. 1  The total  systematic or random uncertainty 
is the resul tant of several  contributory uncertainti es,  
whi ch  may themselves be composi te uncertainti es.  
Provided that the contributing  uncertainti es are i n-  

dependent,  smal l  and  numerous,  they may be com-  
bi nes together to gi ve an  overal l  random (or 

systematic)  uncerti anty at  the 95 % confi dence 

level .  

1 0. 6.2 Al l  sources contributi ng  uncertainti es wi l l  
have both  random and  systematic compondents.  

However,  i n  some cases,  ei ther the random or the 

systematic component  may be predominant  and  the 

other component  can be neglected in  compari son.  

1 0. 6. 3 Because of the di fferent nature of random 
and  systematic uncertainties,  they should  not  

normal l y be combined  wi th  each  other.  However,  i f 
the provisio of 1 0.6. 1  i s taken  i nto account,  random 
uncertainti es from di fferent sources may be com-  

2)  The factor of 2 i s appl icable where n  i s large.  For n  = 6 the factor i s 2,6;  for n  = 8 i t i s 2,4;  for n  = 1 0 i t i s 2,3;  for 

n  =  1 5  i t i s 2, l .  
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bined together by the root-sum-of-squares rule and  
systematic uncertainti es from di fferent sources may 
be simi larly combined.  

1 0. 6.4 The percentage random uncertainty X’, , .  i n  
the di scharge may be calculated from the fol l owrng 
equation:  

where 

x’c i s the percentage random uncertainty i n  

C;  

xb i s the percentage random uncertai nty i n  

6;  

x,  
a 

i s the percentage random uncertai nty i n  

h, ;  

y and  n  are exponents of h  and  h  respecti vely 
and  are dependent  on  the type and  di -  
mensions of the fl ume.  

1 0.6. 5 The percentage systematic uncertainty X’Q 
i n  the di scharge may be calculated from the fol low-  
i ng  equation:  

where 

(30)  

Y,  i s the percentage systematic uncertainty 

i n  C;  

iv’ ,  i s the percentage systematic uncertainty 

i n  b;  

x”b,  i s the percentage systematic uncertainty 

i n  h, .  

1 0.7 Presentation of resul ts 

Al though  i t i s desi rable,  and  frequently necessary,  

to l i st the total  random and  total  systematic uncer-  

tainties separatel y,  i t i s appreciated that a simpler 
presentation  of  resul ts may be requi red.  For this 

purpose,  random and  systematic uncertainties may 
be combined  as described in  IS0 51 683’  using  the 

fol lowing equati on:  

1 1  Example 

1 1 . 1  The fol lowing is an  example of the computa-  
ti on  of the di scharge and  the associated uncertainty 
i n  a single measurement  of fl ow usi ng  a Parshal l  

fl ume operati ng  under free-flow condi ti ons.  The 
throat width  b= I ,0 m and  the gauged  head  

ha = 0, 6 m.  The other dimensions of the Parshal l  
fl ume are as speci fied in  table 1  for the fl ume No.  8.  

1 1 .2 The di scharge is calculated using  the 

equati on  gi ven  for fl ume No.  8  i n  table 3;  

Q= 2,397&x56g = 2,397 x 0,6' ,569 = 1 . 075 m3/s 

1 1 .3 Since the random uncertainty is negl igible,  
the uncertainty i n  this val ue of  Q is dependent  only 

on  the systematic uncertainty.  

Let  us  assume that 

Yc= 3 % 

(see 1 0.4.2) .  

1 1 .4 I f i t i s assumed  that several  measurements 
of  the width  are taken,  the random component  of  
uncertainty i n  the width  measurement  i s l i kely to be 
negl igible.  The systematic uncertai nty i n  the width  
measurement  i s assumed in  this case to be 0,Ol  m.  

Accordingly,  

x’,  =  0  

1 1 .5 The magni tude of  the uncertainty associated 

wi th  the head  measuri ng  device is related to the 
particular equipment  used.  I t has been  demon-  

strated that the gauge zero of a water-level  recorder 
can  be set  to an  accuracy of f 0, 003 m.  This i s a 

systematic uncertainty.  There i s no  random uncer-  
tainty associated wi th  the zero setti ng  because,  unti l  

the zero i s reset,  the true zero wi l l  have the same 
magni tude and  sign.  

Therefore,  

‘Yho =  0  

X” h,  = I I I  
0,003 
-  x 1 00 

I t,  

=  + 03003 x 1 00 -  
036 

1 1 .6 Uncertainti es associated wi th  di fferent types 
of  water-level  observati on  equipment  can  be deter-  
mined  usi ng  careful  tests under control led condi -  
ti ons.  The random component  of  uncertai nty can  be 

determined by taking  a series of readings at  a gi ven  
water level .  However,  to di sti nguish this uncertainty 
from other sources of  uncertainty i t i s necessary that 

3)  IS0 51 68:1 978,  Measurement of fl uid fl ow - Estimation  of uncertainty of a flow-rate measurement.  
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these readings be carried out  wi th  the water l evel  
always ri sing (or fal l i ng) .  For the equipment  used  in  
this example,  the standard deviation  of  the mean  is 
assumed to be si= 0, 003 m.  Systematic uncertai n-  

ti es i n  water-level  measurement  occur owing  to 

backlash,  tape stretching,  etc.  Where possible,  cor-  
rections should  be appl ied,  but  control l ed tests for 
g i ven types of equi pment  wi l l  i ndicate the magni tude 

of the residual  systematic uncertainty.  I n  this case,  

when  a water-level  recorder i s used,  the value is 
approximately +  0, 002 5  m.  

Accordingly,  

si  =  0, 003 m 

2,~;  =  0, 006 m 

2Sh  
x, ,=+ TX1 00 

0, 006 
=  *  ~XIOO 

zz f 1  % 

X’  =+  0, 002 5  
h  

x , oo 
-  0, 6 

=  +  0, 42 ?‘A 

1 1 .7 The combinati on  of i ndividual  uncertainti es to 
obtai n  the overal l  uncertainty i n  head  i s carried out  
as fol lows.  

I t i s assumed that X, (1  i s negl igible,  the uncertainti es 

i n  the water-level  measurements are:  

x, ,  =  -t(x:o +  x’p*  

=*  (0+1 2)  

=  +  1  % 

and  

.Yha =  +  (A-$ +  ‘Yy 

=  +  (0, 52 +  0, 422) “2  

=  _+ 0, 65 % 

1 1 .8 The combination  of i ndividual  uncertainti es to 

obtain  the overal l  uncertainty i n  di scharge can  be 

carried  out  as fol lows.  

The total  percentage random uncertainty i n  the dis-  

charge measurement  is:  

YQ =  *  (x$ +  y2x$ +  n*x, : , ) “* 

=  +  (I *  +  0  +  1 , 569*  x 1 2) “2  

=  +  I , 86 % 

The total  percentage systematic uncertai nty i n  the 
di scharge measurement  is:  

Y,  =  * (/ky, .  +  y*x-$ +  n*x”y 

=  +  (3’  +  1  , 052 x I *  +  1  , 56g2 x 0, 651 ~) “~  

=  * 3, 34 % 

1 1 .9 To faci l i tate a simple presentation,  the ran-  
dom and  systematic uncertainties can  be combined  
by the root-sum-of-squares rule as fol lows:  

XQ =  f c/r;  +  A-$) “* 

=  f (1 , 862 +  3, 342) “2  

=  +  3, 82 % 

The di scharge Q is therefore 1 , 075 m3/s +  3, 82 % 
or (1 , 034 <  Q Q 1 , 1 2)  ma/s.  

The percentage random uncertainty i s +I , 86 %.  
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UDC 532.57:532.543:626.823.6 

Descriptors:  l i quid flow,  open channel  flow,  water flow,  flow measurement,  fl umes (measurement) .  
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