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T h i s  A u s tra l i a n  S ta n d a rd  w a s  p re p a re d  b y  C o m m i tte e  C E /2 4 ,  M e a s u re m e n t o f Wat e r F l o w  i n
O p e n  C h a n n e l s  a n d  C l o s e d  C o n d u i ts .  I t w a s  a p p ro v e d  o n  b e h a l f o f th e  C o u n c i l  o f S t an d a rd s
A u s tra l i a o n  3  A u g u s t 1 9 9 3  a n d  p u b l i s h e d  o n  2 0  D e c e m b e r 1 9 9 3 .

T h e  fo l l o w i n g  i n te re s ts  a re  re p re s e n te d  o n  C o m m i tte e  C E /2 4 :

A s s o c i a ti o n  o f C o n s u l ti n g  E n g i n e e rs  o f A u s tral i a

D e p a rtm e n t o f Wa te r R e s o u rc e s ,  N e w  S o u th  Wa l e s

E n g i n e e ri n g  a n d  Wa te r S u p p l y  D e p a rtm e n t,  S o u th  A u s tra l i a

F o re s try  C o m m i s s i o n  o f N e w  S o u th  Wa l e s

I n s ti tu te  o f I n s tru m e n ta ti o n  a n d  C o n tro l ,  A u s tral i a

M e l b o u rn e  Wa te r

M o n a s h  U n i v e rs i ty

S n o w y  M o u n ta i n s  E n g i n e e ri n g  C o rp o ra ti o n

U n i v e rs i ty  o f N e w  S o u th  Wa l e s

U n i v e rs i ty  o f Q u e e n s l a n d

Wa te r A u th o ri ty  o f We s te rn  A u s tra l i a

Wa te r B o a rd ,  S y d n e y —I l l a w a rra —B l u e  M o u n ta i n s

Wa te r R e s o u rc e s  C o m m i s s i o n ,  Q u e e n s l a n d

R e v ie w  o f A u s tra lia n  Sta n da rds .   To  ke e p  a b re a s t o f p ro g re s s  in  in du s try,  A u s tra lia n  Sta n da rds  a re  s u b je c t to
p e rio dic  re vie w a n d a re  ke p t u p  to  da te  b y  th e  is s u e  o f a me n dme n ts  o r n e w e ditio n s  a s  n e ce s s a ry.  It is  imp o rta n t
th e re fo re  th a t Sta n da rds  u s e rs  e n s u re  th a t th e y  a re  in  p o s s e s s io n  o f th e  la te s t e ditio n ,  a n d a n y  a me n dme n ts  th e re to .

Fu ll de ta ils  o f a ll A u s tra lia n  Sta n da rds  a n d re la te d p u b lica tio n s  will b e  fo u n d in  th e  Sta n da rds  A u s tra lia  Ca ta lo g u e
o f Pu b lica tio n s ;  th is  in fo rma tio n  is  s u p p le me n te d e a ch  mo n th  b y  th e  ma g a z in e  ‘ Th e  A u s tra lia n  Sta n da rd’ ,  wh ic h
s u b s crib in g  me mb e rs  re ce ive ,  a n d wh ich  g ive s  de ta ils  o f n e w p u b lica tio n s ,  n e w e ditio n s  a nd a m e n dme n ts ,  a n d o f
with dra wn  Sta n da rds .

Su g g e s tio n s  fo r imp ro ve me n ts  to  A u s tra lia n  Sta n da rds ,  a ddre s s e d to  th e  h e a d o ffice  o f Sta n da rds  A u s tra lia ,  a re
we lco me d.  No tific a tio n  o f a n y  in a ccu ra cy  o r a m b ig u ity  fo u n d in  a n  A u s tra lia n  Sta n da rd s h o u ld b e  ma de  with o u t
de la y  in  o rde r th a t th e  ma tte r ma y  b e  in ve s tig a te d a n d a p p ro p ria te  a ctio n  ta ke n .
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P R E FA C E

T h i s  S ta n d a rd  w a s  p re p are d  b y  th e  S ta n d a rd s  A u s tral i a C o mm i tte e  o n  M e a s u re m e n t o f Wa te r F l o w  i n
O p e n  C h a n n e l s  a n d  C l o s e d  C o n d u i ts .  I t i s  i d e n ti c a l  w i th  a n d  h a s  b e e n  re p ro d u c e d  fro m  I S O 4 0 0 6 : 1 9 9 1 ,

Me a s u re me n t o f flu id flo w in  clo s e d co n du its  –Vo ca b u la ry  a n d s y mb o ls .

U n d e r a rra n g e m e n ts  m a d e  b e tw e e n  S tan d a rd s  A u s tra l i a  a n d  th e  i n te rn ati o n al  S ta n d ard s  b o d i e s ,  I S O  a n d
I E C ,  a s  w e l l  a s  c e rta i n  o th e r S ta n d a rd s  o rg a n i z a ti o n s ,  u s e rs  o f th i s  A u s tra l i a n  S ta n d a rd  a re  a d v i s e d  o f th e
fo l l o w i n g :

( a) C o p y ri g h t i s  v e s te d  i n  S ta n d a rd s  A u s tra l i a .

( b ) T h e  n u m b e r o f th i s  S ta n d a rd  i s  n o t re p ro d u c e d  o n  e a c h  p ag e ;  i ts  i d e n ti ty  i s  s h o w n  o n l y  o n  th e  c o v e r
an d  ti tl e  p a g e s .

( c ) T h e r e  m a y  b e  o c c a s i o n a l  d u a l  l a n g u a g e  s e c t i o n s ,  b u t E n g l i s h  i s  a l w a y s  o n e  o f t h e  l a n g u a g e s
re p ro d u c e d .

( d ) W h e re  a n y  c ro s s –re fe re n c e s  to  p a g e  n u m b e rs  a p p e a r w i th i n  th e  te x t,  th e s e  re l a te  to  p ag e  n u m b e ri n g
i n  th e  i n te rn a ti o n a l  S ta n d a rd  an d  a re  to  b e  d i s re g a rd e d .

T h i s  S t a n d a r d  i s  o n e  o f a  s e r i e s ,  t o  b e  p u b l i s h e d  p r o g r e s s i v e l y,  w h i c h  d e a l s  w i t h  m e t h o d s  o f
me a s u re m e n t o f fl u i d  fl o w  i n  c l o s e d  c o n d u i ts .  T h e  fo l l o w i n g  P a rts  w e re  p u b l i s h e d  c o n c u rre n tl y  w i th
th i s  P a rt:

A S

2 3 6 0 M e a s u re me n t o f fl u i d  fl o w  i n  c l o s e d  c i rc u i ts

2 3 6 0 . 0 P a rt 0 : Vo c a b u l ary  an d  s y mb o l s  ( th is  Sta n da rd)

2 3 6 0 . 1 . 1 P a rt 1 . 1 : P re s s u re  d i ffe re n ti a l  m e th o d s —M e as u re me n t u s i n g  o ri fi c e  p l a te s ,  n o z z l e s  o r Ve n tu ri
tu b e s — C o n d u i ts  w i th  d i a m e te rs  fro m 5 0  mm  to  1 2 0 0  m m

2 3 6 0 . 1 . 2 P art 1 . 2 : P r e s s u r e  d i f f e r e n t i a l  m e t h o d s — M e a s u r e m e n t u s i n g  o r i f i c e  p l a t e s  o r
n o z z l e s —C o n d u i ts  w i th  d i am e te rs  l e s s  th a n  5 0  m m

2 3 6 0 . 1 . 3 P art 1 . 3 : P re s s u re  d i ffe re n ti a l  m e th o d s —M e as u re me n t u s i n g  o ri fi c e  p l a te s ,  n o z z l e s  o r Ve n tu ri
tu b e s —G u i d e  to  th e  u s e  o f m e th o d s  s p e c i fi e d  i n  P a rts  1 . 1  a n d  1 . 2

2 3 6 0 . 1 . 4 P art 1 . 4 : P re s s u re  d i ffe re n ti a l  m e th o d s —M e as u re me n t u s i n g  o ri fi c e  p l a te s ,  n o z z l e s  o r Ve n tu ri
tu b e s — G u i d e  to  th e  e ffe c t o f d e p a rtu re  fro m  th e  c o n d i ti o n s  s p e c i fi e d  i n  P art 1 . 1

2 3 6 0 . 1 . 5 P art 1 . 5 : P re s s u re  d i ffe re n ti a l  m e th o d s —M e as u re me n t u s i n g  o ri fi c e  p l a te s ,  n o z z l e s  o r Ve n tu ri
t u b e s — P u l s a t i n g  fl o w ,  i n  p a r t i c u l a r s i n u s o i d a l  o r s q u a r e  w a v e  i n t e r m i t t e n t
p e ri o d i c –ty p e  fl u c tu a ti o n s

2 3 6 0 . 6 . 1 P art 6 . 1 : Vo l u m e tri c  m e th o d s —B y  m a s s

2 3 6 0 . 6 . 2 P a rt 6 . 2 : Vo l u m e tri c  me th o d s —B y  v o l u m e

2 3 6 0 . 7 . 1 P art 7 . 1 : A s s e s s m e n t o f u n c e r t a i n t y  i n  t h e  c a l i b r a t i o n  a n d  u s e  o f fl o w  m e a s u r e m e n t
d e v i c e s —L i n e ar c a l i b ra ti o n  re l a ti o n s h i p s

2 3 6 0 . 7 . 2 P art 7 . 2 : A s s e s s m e n t o f u n c e r t a i n t y  i n  t h e  c a l i b r a t i o n  a n d  u s e  o f fl o w  m e a s u r e m e n t
d e v i c e s —N o n –l i n e a r c al i b ra ti o n  re l a ti o n s h i p s

A t th e  d a te  o f p u b l i c ati o n  o f th i s  P a rt th e  fo l l o w i n g  P a rts ,  w i th  th e  n u mb e rs  o f th e  p a re n t i n te rn ati o n a l
S tan d a rd s  i n  p a re n th e s i s ,  h a d  n o t b e e n  p u b l i s h e d :

P r e s s u r e  d i ffe r e n t i a l  m e t h o d s — M e a s u r e m e n t u s i n g  o r i fi c e  p l a t e s ,  n o z z l e s  o r Ve n t u r i  t u b e s —
C o n n e c ti o n s  fo r p re s s u re  s i g n a l  tra n s m i s s i o n s  b e tw e e n  p ri ma ry  a n d  s e c o n d a ry  e l e m e n ts  ( I S O  2 1 8 6 )

P i t o t s t a t i c  t u b e  m e t h o d s — M e a s u r e m e n t o f v e l o c i t y  a t a  p o i n t o f t h e  c r o s s – s e c t i o n  o f a  c o n d u i t
( I S O  7 1 4 5 )

P i to t s ta ti c  tu b e  m e th o d s —M e a s u re m e n t u s i n g  P i to t–s tati c  tu b e s  ( I S O  3 9 6 6 )

P i to t s ta ti c  tu b e  m e th o d s —M e a s u re m e n t i n  s w i rl i n g  o r a s y mm e tri c  fl o w  c o n d i ti o n s  u s i n g  I S O  3 9 6 6  o r
I S O  3 3 5 4  ( I S O  7 1 9 4 )
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C u rre n t m e te rs  m e th o d —M e a s u re m e n t o f c l e a n  w a te r i n  fu l l  c o n d u i ts  a n d  u n d e r re g u l a r fl o w  c o n d i ti o n s
u s i n g  c u rre n t me te rs  ( I S O  3 3 5 4 )

N o n –ra d i o a c ti v e  tra c e r me th o d s —R e v i e w  o f a l te rn a ti v e  me th o d s  ( I S O  2 9 7 5 . 1 )

N o n –ra d i o ac ti v e  tra c e r me th o d s —M e a s u re m e n t u s i n g  c o n s ta n t rate  i n j e c ti o n  ( I S O  2 9 7 5 . 2 )

N o n –ra d i o ac ti v e  tra c e r me th o d s —M e a s u re m e n t u s i n g  tra n s i t ti m e  ( I S O  2 9 7 5 . 6 )

We i g h i n g  m e th o d s —Ve ri fi c a ti o n  o f s tati c  ty p e  ( I S O  9 3 6 8 . 1 )

We i g h i n g  m e th o d s — Ve ri fi c a ti o n  o f d y n a m i c  ty p e  ( I S O  9 3 6 8 . 2 ,  n o t p u b l i s h e d )

W h e n  p u b l i s h e d ,  t h e  d e t a i l s  fo r t h e  a b o v e  u n p u b l i s h e d  A u s t r a l i a n  S t a n d a r d s  w i l l  b e  l i s t e d  i n  t h e
C a ta l o g u e  o f A u s tra l i an  S ta n d ard s  a n d  O th e r P ro d u c ts .

F o r th e  p u rp o s e s  o f th i s  A u s tra l i a n  S ta n d a rd ,  th e  I S O  te x t s h o u l d  b e  m o d i fi e d  a s  fo l l o w s :

( i ) W h e re v e r th e  w o rd s  ‘ I n te rn a ti o n a l  S ta n d a rd ’  a p p e a r,  re fe rri n g  to  th i s  S ta n d a rd ,  th e y  s h o u l d  b e  re ad
as  ‘ A u s tra l i a n  S ta n d ard ’ .

( i i ) S u b s ti tu te  a  fu l l  s to p  ( . )  fo r a c o m ma  ( , )  a s  a  d e c i m a l  m arke r.

( i i i ) T h e  re fe re n c e s  to  o th e r p u b l i c ati o n s  s h o u l d  b e  re p l a c e d  b y  re fe re n c e s  to  A u s tra l i a n  S tan d a rd s  a s
fo l l o w s :

R e fe re n ce  to  In te rn a tio n a l Sta n da rd A u s tra lia n  Sta n da rd

I S O
7 7 2 L i q u i d  fl o w  m e a s u re m e n t i n  o p e n

c h a n n e l s —Vo c a b u l ary  a n d  s y mb o l s

A S
3 7 7 8 M e a s u re me n t o f w a te r fl o w  i n  o p e n

c h a n n e l s
3 7 7 8 . 1 P a rt 1 :  Vo c a b u l a ry  a n d  s y mb o l s

5 1 6 7 M e as u re m e n t o f fl u i d  fl o w  b y  me a n s
o f p re s s u re  d i ffe re n ti a l  d e v i c e s

5 1 6 7 . 1 P a rt 1 :  O ri fi c e  p l a te s ,  n o z z l e s  a n d  
Ve n tu ri  tu b e s  i n s e rte d  i n  c i rc u l a r
c ro s s –s e c ti o n  c o n d u i ts  ru n n i n g  fu l l

2 3 6 0 M e a s u re me n t o f fl u i d  fl o w  i n  c l o s e d  
c o n d u i ts

2 3 6 0 . 1 . 1 P a rt 1 . 1 :  P re s s u re  d i ffe re n ti a l  m e th o d s —
M e as u re me n t u s i n g  o ri fi c e  p l ate s ,
n o z z l e s ,  o r Ve n tu ri  tu b e s —C o n d u i ts
w i th  d i a me te rs  fro m  5 0  mm  to  1 2 0 0  mm

5 1 6 8 M e as u re me n t o f fl u i d  fl o w —E v al u a ti o n
o f u n c e rta i n ti e s

3 7 7 8 M e a s u re me n t o f w ate r fl o w  i n  o p e n
c h a n n e l s

3 7 7 8 . 2 . 4 P a rt 2 . 4 :  G e n e ra l —E s ti m a ti o n  o f 
u n c e rtai n ty  o f a  fl o w –ra te  me a s u re me n t

?  C o p y r i g h t — S TA N D A R D S  A U S T R A L I A

U s e rs  o f S ta n d a r d s  a r e  r e m i n d e d  th a t c o p y ri g h t s u b s i s ts  i n  a l l  S ta n d a rd s  A u s tr a l i a  p u b l i c a ti o n s  a n d  s o ftw a re .  E x c e p t w h e r e  th e  C o p y r i g h t A c t a l l o w s  a n d
e x c e p t w h e r e  p r o v i d e d  fo r  b e l o w  n o  p u b l i c a ti o n s  o r s o ftw a r e  p r o d u c e d  b y  S ta n d a r d s  A u s tra l i a  m a y  b e  re p ro d u c e d ,  s to r e d  i n  a  re tri e v a l  s y s te m  i n  a n y  fo r m

o r tr a n s m i tte d  b y  a n y  m e a n s  w i th o u t p ri o r  p e r mi s s i o n  i n  w r i ti n g  fr o m  S ta n d a rd s  A u s tr a l i a .  P e rm i s s i o n  m a y  b e  c o n d i ti o n a l  o n  a n  a p p ro p r i a te  r o y a l ty
p a y m e n t.  R e q u e s ts  fo r  p e r m i s s i o n  a n d  i n fo rm a ti o n  o n  c o m m e r c i a l  s o ftw a r e  r o y a l ti e s  s h o u l d  b e  d i re c te d  to  th e  h e a d  o ffi c e  o f S ta n d a r d s  A u s tra l i a .

S ta n d a r d s  A u s tra l i a  w i l l  p e rm i t u p  to  1 0  p e r c e n t o f th e  te c h n i c a l  c o n te n t p a g e s  o f a  S ta n d a r d  to  b e  c o p i e d  fo r u s e  e x c l u s i v e l y  i n –h o u s e  b y
p u r c h a s e rs  o f th e  S ta n d a r d  w i th o u t p a y m e n t o f a  ro y a l ty  o r  a d v i c e  to  S ta n d a rd s  A u s tr a l i a .

S ta n d a r d s  A u s tra l i a  w i l l  a l s o  p e r m i t th e  i n c l u s i o n  o f i ts  c o p y r i g h t m a te r i a l  i n  c o m p u te r  s o ftw a r e  p r o g ra ms  fo r n o  ro y a l ty  p a y me n t p r o v i d e d  s u c h
p ro g r a m s  a re  u s e d  e x c l u s i v e l y  i n –h o u s e  b y  th e  c re a to r s  o f th e  p ro g r a m s .

C a r e  s h o u l d  b e  ta ke n  to  e n s u re  th a t m a te r i a l  u s e d  i s  fro m  th e  c u r r e n t e d i ti o n  o f th e  S ta n d a r d  a n d  th a t i t i s  u p d a te d  w h e n e v e r th e  S ta n d a r d  i s  a me n d e d  o r
re v i s e d .  T h e  n u m b e r a n d  d a te  o f th e  S ta n d a r d  s h o u l d  th e re fo r e  b e  c l e a r l y  i d e n ti fi e d .

T h e  u s e  o f m a te ri a l  i n  p r i n t fo r m  o r  i n  c o m p u te r s o ftw a re  p ro g r a m s  to  b e  u s e d  c o mm e rc i a l l y,  w i th  o r  w i th o u t p a y m e n t,  o r  i n  c o m m e rc i a l  c o n tra c ts  i s  s u b j e c t
to  th e  p a y m e n t o f a  r o y a l ty.  T h i s  p o l i c y  m a y  b e  v a r i e d  b y  S ta n d a rd s  A u s tr a l i a  a t a n y  ti m e .
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4 G e n e r a l  t e r m s  i n  f l u i d  m e c h a n i c s  4.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

5 U n c e r t a i n t i e s 7.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

6 G e n e r a l  t e r m s  r e l a t e d  t o  t h e  d e v i c e s 1 0.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

7 D i ff e r e n t i a l  p r e s s u r e  d e v i c e s  1 1.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

8 C r i t i c a l  f l o w  m e a s u r e m e n t  1 5.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

9 Ve l o c i t y –a r e a  m e t h o d s  1 6.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

1 0 Tr a c e r  m e t h o d s 1 8.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

1 1 E l e c t r o m a g n e t i c  m e t h o d s  1 8.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

1 2 We i g h i n g  a n d  v o l u m e t r i c  m e t h o d s  1 9.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

1 3 I n s t a b i l i t y  m e t h o d s  2 3.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

1 4 Va r i a b l e –a r e a  m e t h o d s  2 4.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

1 5 U l t r a s o n i c  m e t h o d s 2 8.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

1 6 O t h e r  m e t h o d s  3 0.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

1 7 M e t e r s  ( f o r  t h e  m e a s u r e m e n t  o f  t h e  v o l u m e  o f  f l u i d s )  3 2.  .  .  .  .  .  .  .  .  .  .  .  .  .  

A n n e x  A B i b l i o g r a p h y 3 5.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

A l p h a b e t i c a l  i n d e x 3 6.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  
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AUSTRALIAN STANDARD 1

Measurement of fluid flow in closed conduits

Part 0:
Vocabu lary and symbols

1 Scope

This I nternational S tandard defines the terms to be used in

the field of measurement of flu id flow in closed condui ts, and

gives the corresponding symbols.

I t has been found necessary to exclude terms wh ich come

under the fol lowi ng categories:

a) terms wh ich are self-evident;

b) terms which do not apply specifical ly to this field, i n

particular those referring more speci fi cal ly to flow in open

channels (see ISO 772) ;

c) terms referring to very speci fi c methods of measurement

wh ich cannot be the subject of standardization.
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2

2 S ymbols

Reference
nu mber

Qu anti ty Symbol 1 ) Di mensio ns 2) Correspondin g
SI unit

4. 1 0 Cross-sect ional area of the condu it ,
fo r the operati ng condit ions

A L2 m2

1 0.3 Concentrat ion of th e tracer C kg/m 3

7. 1 7 Di scharg e coeffi ci ent C
4)

8. 2 Cr it ical fl ow functi on C*

4)

8. 3 Real gas crit ical fl ow coeff ic ient C r

4)

4. 1 6 Veloci ty of sound c LT -1 m/s

4. 31 Specif ic heat capacit y at constant
pressure

cp L
2
T
-2Θ -1

J/kg .K

4. 31 Specif ic heat capacit y at constant
volume

cv L
2
T
-2Θ -1

J/kg .K

7. 1 6 Di ameter, depending on the
operat in g condi ti ons,
— of the ci rcul ar cross-sect ion of
th e condu it
— of the measur in g condu it
upstream of an orif ice plate or
nozzle
— of the in le t cyl in der of a
cl assi cal Ventur i tu be

D L m

4. 9 Hydrau l i c d iameter D h L m

7. 1 6
7. 1 7

Or if ice d iameter or th roat of
primary element , fo r th e operat in g
condit ions or d iameter of th e head
of a Pi to t tu be

d L m

7. 1 6 Veloci ty of approach factor E
4)

Relati ve uncert ai nty E
4)

Absolu te uncert ai nty e
4)

4. 1 7 Frequency f T-1 s -1

Accelerati on due to gravit y g LT -2 m/s2

4. 1 9 Equi valent uni fo rm roughness k L m

4. 1 5 Length l L m

4. 33 Molar mass of fl ui d M M kg/mol

5. 9 Popu lati on mean m
5)

4. 1 6 Mach number Ma
4)

5. 9 Popu lati on size N
5)

1 0.4 Di lu ti on rat io [rate] N
4)

5. 5. 1 Sample size n
4)

4. 1 1 .1 Absolu te stat ic pressure of the f lu id p ML
-1
T
-2

Pa

4. 20 Di ff erenti al pressure Δp ML -1T -2 Pa

4. 1 . 1 Mass fl ow-rate qm, (q ) MT -1 kg/s

4. 1 . 2 Volume f low- rate qv , (Q ) L
3
T
-1

m
3
/s

4. 33 Molar gas constant R ML 2T -2Θ -1 J/(m ol .K)

Radi us R L m

5. 2 Test resul t R
4)

4. 1 8 Ar it hmet ical mean devi at ion of the R a

(r oughness) prof i l e L m

4. 9 Hydrau l i c radiu s R h L m

4. 1 5 Reynol ds number

— referred to D Re D

4)

— referred to d Red

4. 1 7 Strouhal number Sr
4)

5. 9 Experi mental standard deviati on s
5)

5. 22 Standard error of est im ate sR
5)

Fl ui d absolu te temperature T Θ K
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3

Reference
nu mber

Qu anti ty Symbol 1 ) Di mensio ns 2) Correspondin g
SI unit

5. 25 Student’ s t di stri buti on t
4)

5. 26 Uncert ai nty U
4)

4. 7 Mean axial fl ui d vel ocit y U LT
-1

m/s

5. 26.1 Random uncert ai nty U r

4)

5. 26.2 Systemat ic uncerta in ty U s

4)

Fi gure 2 Upper and l ower l im it s of a non-
symmetri cal uncert ai nty

U +, U −
4)

4. 21 Fr icti on vel ocit y u* LT
-1

m/s

4. 1 7 Local veloci ty of th e f lu id v LT
-1

m/s

4. 8 Non-dimensional [ re lati ve] veloci ty v*
4)

Component of the local vel ocit y
paral l el to the pi pe axis

vx LT
-1

m/s

5. 1 1 Weig ht of measurement wi

4)

7. 1 5 Acoust ic rati o X
4)

7. 1 3 Di ff erenti al pressure rati o x
4)

5. 1 Average value (o f a var iabl e x) x
4)

5. 1 1 .1 Ar it hmet ic weig hted mean; xw
4)

weig hted average

9. 1 In dex of asymmetry Y
4)

Di stance from a measurement poin t
to th e wal l

y L m

Non-dimensional d is tance f rom a
measurement poi nt to the wal l

y*
4)

4. 33 Compressib i l i t y factor Z
4)

7. 1 8 Fl ow coeff ic ient α
4)

4. 1 0 Ki neti c energy coeffi ci ent α
4)

7. 4 Di ameter rat io ß
4)

4. 31 Rati o of the specif ic heat capacit ies γ
4)

7. 1 9 Expansib i l i t y [expansion] factor ε
4)

Fl ui d temperature, i n degrees
Cels iu s

θ Θ °C

4. 6 Angl e between the l ocal veloci ty
vector and the condui t axi s

θ rad

5. 2 Sensit ivit y [i nf lu ence] coeffi ci ent θx
4)

4. 32 Isentropic exponent κ
4)

4. 20 Un iversal head loss coeff ic ient λ
4)

Dynami c vi scosit y of the f lu id μ
(o r/ou η)

ML -1 T-1 Pa.s

4. 1 5 Ki nemati c vi scosit y of the fl ui d ν L2T-1 m2/s

5. 7 Number of degrees of freedom ν
4)

4. 32 Densit y of the f lu id ML
-3

kg/m
3

7. 1 4 Pressure rati o τ
4)

4. 21 Wall shear stress τo ML -1 T-2 Pa

Incl uded angl e of the di verg ent ϕ rad

Angl e between the l ocal veloci ty
vector and the axis of the meterin g
devi ce

ϕ rad

1 ) Symbols shown i n parentheses are non-preferred.
2)
M = mass, L = l ength, T = t im e, Θ = temperature.

3)
The concentrat ion can also be expressed as a d imensi on less quant it y.

4) Dimensi on less quant it y.
5) The dimension of thi s parameter is th e dimension of the quanti ty to wh ich it rel ates.
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3 Subscripts

Meaning Symbol

Upstream 1

Downstream 2

Effect ive e

Maximum max

Mi nimum mi n

Nomi nal n

Resi dual R

Random r

At constant
entropy

S

Systemat ic s

Transi ti on t

4 General terms in flu id mechanics

4.1 flow-rate: Quotient of the quanti ty of fluid passing

through the cross-section of a conduit and the time

taken for this quantity to pass through this section.

4.1 .1 mass flow-rate, q m: Flow-rate in wh ich the

quanti ty of fluid is expressed as a mass.

4.1 .2 volume flow-rate, q v: Flow-rate in which the

quanti ty of fluid is expressed as a volume.

4.2 mean flow-rate: Mean value of flow-rate over a

period of time.

4.3 velocity distribution: Pattern of the axial vectors
of the local flu id veloci ties over a cross-section of a

condui t.

4.3.1 ful ly developed velocity distribution: Veloci ty

distribution that, once attained, does not vary from one

cross-section of a flu id flow to another. I t i s general l y

attained at the end of a sufficiently long straight length

of conduit.

4.3.2 regular velocity distribution: D istribution of

veloci ties wh ich sufficiently approaches a ful ly

developed velocity distribution to permi t an accurate
measurement of the flow- rate to be made.

4.4 flow profile: Graphic representation of the velocity

distribution.

4.5 swi rl ing flow: Flow wh ich has axial and

ci rcumferential veloci ty components.

4.6 swirl angle, θ : Angle between the local veloci ty

vector at a particular point of the cross-section and the

condui t axis. The swirl angle varies over the

cross-section.

4.7 mean axial fluid velocity, U : Ratio of the volume
flow-rate (the integral over a cross-section of the

condui t of the axial components of the local fluid

veloci ty) to the area of the measurement cross-section.

4.8 non-dimensional [relative] velocity, v* : Ratio of

the flow velocity at a g iven point to a reference velocity

measured at the same time wh ich may be the velocity

at a particular point (for example the centre-l ine

veloci ty) or the mean axial f lu id veloci ty.

4.9 hydraulic diameter, D h : Four times the quotient
wetted cross-sectional area and the wetted perimeter.

NOTES

1 For a ci rcul ar cross-sect ion condui t runni ng fu l l , the

hydrau l i c di ameter i s equal to the i nternal d iameter of

the condu it .

2 Hydrauli c radius, Rh , is al so used; it i s equal to the

quot ient of the wett ed cross-sect ional area and the

wett ed peri meter (D h = 4R h) .

4.1 0 kinetic energy coefficient, α: Coefficient

defined by the formu la

α =

where

dA is an element of the cross-sectional area;

A i s the cross-sectional area of the flow.

(In most practical instal lations, α varies between 1 and
1 ,2 approximately. )
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4.1 1 static pressure: Pressure wh ich would be
measured by a pin-point observer travel l i ng wi th a
particle of the fluid.

4.1 1 .1 absolute static pressure of the flu id, p :
Static pressure of a fluid measured with reference to a
perfect vacuum.

4.1 1 .2 gauge pressure: Di fference between the
absolute static pressure of a flu id and the atmospheric
pressure at the place and time of the measurement.

4.1 2 Dynamic pressure

4.1 2.1 dynamic pressure of a fluid element: For an
elemental flu id streaml ine, the increase in pressure
above the static pressure wh ich would resul t from the
complete i sentropic transformation of the kinetic energy
of the fluid i nto pressure energy. I t is equal to 1 /2 v2 i f
the fluid is i ncompressible.

4.1 2.2 mean dynam ic pressure in a cross-section:
Ratio of the power of the flu id flowi ng through the
cross-section in the form of kinetic energy to the
volume flow-rate. I t can be expressed as α × 1 /2 U 2 i f
the fluid is i ncompressible.

4.1 3 total pressure: Sum of the gauge pressure and
the dynami c pressure.

NOTE — For an el ement of f lu id at rest , the gauge pressure
and the to tal pressure have the same numeri cal valu e.

4.1 4 stagnation pressure: Pressure wh ich
characterizes the state of the energy of a flu id when its
kinetic energy is completely transformed into pressure
energy. I t is equal to the sum of the absolute static
pressure and the dynam ic pressure.

NOTE — For an element of f lu id at rest, th e absol ute stat ic
pressure and the stagnat ion pressure have the same
numeri cal value.

4.1 5 Reynolds number, Re: Dimensionless parameter
expressing the ratio between the inertia and viscous
forces. I t is given by the formu la

Re =

where

U is the mean axial fluid velocity across a
defined area;

l is a characteristic dimension of the system in
wh ich the flow occurs;

ν is the kinematic viscosity of the flu id.

NOTE — When speci fy in g a Reynolds number, the
characteri st ic d im ensi on on wh ich i t has been based
shou ld be i nd icated for example, the di ameter of th e
condui t, the d iameter of the ori fi ce of a di ff erenti al
pressure device, th e d iameter of a Pi to t tube head, etc. ) .

4.1 6 Mach number, Ma: Ratio of the mean axial flu id
veloci ty to the veloci ty of sound in the flu id at the
considered temperature and pressure. I t is g iven by the
formula

Ma =

4.1 7 Strouhal number, Sr: Dimensionless parameter
relating the vortex shedding frequency f generated by
a body having a characteristic dimension l to the flu id
veloci ty v. I t is given by the formu la

Sr =

4.1 8 ari thmetical mean deviation of the
(roughness) profile, Ra: Arithmetic mean of the
absolute values of the profi le departures within the
sampling length. I t has the dimensions of length .

Figure 1 — Diagram i l lustrating the terms relating to pressure
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4.1 9 equivalent uniform roughness, k: D iameter of
closely-packed spherical particles l ining the inner
surface of a condui t that would give the same pressure
loss per uni t l ength as the actual surface of a condui t
of equivalent d iameter.

4.20 universal head loss coefficient, λ: Ratio of the
pressure loss of a flow, along a length of condui t equal
to the hydraul ic d iameter, to the dynami c pressure
calculated from the mean axial fluid veloci ty. I t i s g iven
by the formula

Δp =

4.21 friction velocity, u *: Square root of the quotient
of the wal l shear stress τo and the densi ty of the flowi ng
fluid, i .e.

u* =

4.22 steady flow: Flow in wh ich parameters such as
veloci ty, pressure, densi ty and temperature do not vary
sufficiently wi th time to affect the required accuracy of
measurement.

NOTE — The steady fl ows observed i n condui ts are i n
practi ce fl ows i n whi ch these parameters vary i n ti me about
mean val ues independent of t ime; these are actuall y ”m ean
steady f lows”.

4.23 pulsating flow of mean constant flow-rate:
Flow in which the flow-rate in a measuring section i s a
function of time but has a constant mean value when
averaged over a sufficiently long period of time.

NOTE — Two types of pu lsat in g f low are found, i . e.

— peri odic pu lsat in g fl ow;

— random ly fl uctuat in g f low.

4.24 unsteady flow: Flow, which may be lami nar or
turbulent, in wh ich parameters such as veloci ty,
pressure, density and temperature fluctuate wi th time.

NOTE — The t im e i nterval bei ng considered has to be
suff ic ient ly long that the random components of th e tu rbul ent
fl ow it self may be i gnored.

4.25 laminar flow: Flow under condi tions where the
forces due to viscosity are predomi nant in comparison
wi th the forces due to inertia.

NOTE —Lami nar f lowmay be unsteady but i s completel y f ree
from turbu lent mi xi ng . Poiseu i l le fl ow is an example of steady
lami nar f low i n a circu lar condui t.

4.26 turbulent flow: Flow under conditions where the
forces due to inertia are predom inant i n comparison
wi th the forces due to viscosi ty.

NOTE — Turbul ent fl ow i s a fl ow i n whi ch ir regu lar (random)
veloci ty fl uctuat ions i n ti me and space are super im posed on
the mean fl ow.

4.27 ful ly rough turbulent flow: Flow in a condui t of
a given relative roughness wh ich occurs when the
universal coefficient for head loss λ is i ndependent of
the Reynolds number Re .

4.28 transition flow: Flow intermediate between
lami nar flow and turbulent flow.

NOTE — As a gu ide, the Reynol ds number for the transi ti on
fl ow of a newtoni an f lu id , when re ferred to the condui t
di ameter, i s general ly between a l ower l im it of 2 000 and an
upper l i mi t wh ich vari es between 7 000 and 1 2 000 depending
on the condui t roughness and other factors .

4.29 Coanda effect: Effect wh ich occurs when a jet of
fluid adheres to a nearby sol id surface.

4.30 Doppler effect: Apparent change in the
frequency of a radiation due to relative motion between
a primary or secondary source and the observer.

4.31 ratio of the specific heat capacities, γ: Ratio of
the specific heat capaci ty at constant pressure to the
specific heat capaci ty at constant volume:

γ =

I t varies in general whenever the gas temperature
and/or pressure vary.

4.32 isentropic exponent, κ: Ratio of the relative
variation i n pressure to the corresponding relative
variation i n density under elementary reversible
adiabatic (isentropic) transformation condi tions:

κ =

For an ideal gas, the i sentropic exponent i s equal to the
ratio of the specific heat capacities, th is ratio being
considered as constant in the chosen integration
interval .

NOTE — The subscri pt S means ”at constant entropy”.
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4.33 compressibil i ty factor, Z: Correction factor
expressing numerical ly the deviation from the ideal gas
law of the behaviour of a real gas at given pressure
and temperature condi tions. I t i s defined by the formu la

Z =

where R , the molar gas constant, equals
8,31 4 3 J/(mol.K) .

5 Uncertainties

The defin itions g iven in th is clause are based on those
from appropriate statisti cs standards but on occasions
the fu l l rigorous statistical defin itions are not given in
view of the practical interpretation of these defin itions.
In no case wil l the defin itions g iven lead to errors in the
formulae used. For further detai l s, see ISO 3534 and
the International vocabulary of basic and general terms
in metrology (BI PM /IEC /ISO /OIML) .

5.1 average value, x: Ari thmetic mean of n readings
of the quantity x . The average value x is calculated
using the fol lowi ng formu la:

x =

5.2 sensi tivity [influence] coefficient, θ x: Ratio of
the change in a resul t R to the change in an input
parameter x:

θ x =

In relative terms this becomes

θ =

5.3 frequency distribution: Relationship between the
measured values of a variable and their frequencies of
occurrence.

5.4 population: Total ity of items under consideration.

5.5 sample: One or more i tems taken from a
population and intended to provide information on the
population, and possibly to serve as a basis for a
decision on the population or on the process which
produced it.

5.5.1 sample size, n : N umber of i tems wh ich are to be
included in the sample.

5.6 true value: Value which characterizes a quantity
perfectly defined in the conditions which exist when that
quanti ty i s considered.

I t is an ideal value which could only be achieved i f al l
causes of measurement error were el im inated.

5.7 number of degrees of freedom, ν: In general, the
number of observations m inus the number of
parameters.

NOTE — For example, the standard devi at ion i s sai d to have
(n - 1 ) degrees of f reedom because fo r the est im at ion of th e
mean i t is necessary to use one degree of freedom.

5.8 deviation: D ifference between the value of a
quanti ty and a standard or reference value.

NOTE — Part icul ar ly in stat is ti cs, the re ference val ue i s
frequent ly th e ari thmeti c mean of a ser ies of measurements.

5.9 experimental standard deviation, s : For a series
of n measurements of the same measurand, the
parameter characterizing the dispersion of the results
and given by the formu la

s =

where

x i i s the result of the i th measurement;

x i s the arithmetic mean of the n results
considered.

NOTES

1 The experi mental standard devi at ion shoul d not be
confused wit h the popul at ion standard devi at ion σ of a
popu lati on of s ize N and of mean m , g i ven by the formu la

σ =

2 If the seri es of n measurements is considered to be a
sample of a popu lati on, s is an est im ate of the popu lati on
standard devi at ion.

5.9.1 experimental standard deviation of the mean,
s(x) : Estimate of the standard deviation of the
arithmetic mean x with respect to the mean m of the
overal l population. I t is g iven by the formu la

s(x) =

5.9.2 residual standard deviation, s R

See 5.22, standard error of estimate.

COPYRIGHT

Full document details: AS 2360.0-1993

http://www.avadocuments.com/doc/as-2360-0-1993
http://www.avadocuments.com/doc/as-2360-0-1993


8

5.1 0 experimental variance, s2 : A measure of the
scatter or spread of a d istribution. I t i s estimated by
calculating the sum of the squares of deviations of
measurements about the mean, d ivided by the number
of degrees of freedom:

s2 =

5.1 0.1 residual variance, s R
2 : The square of the

residual standard deviation.

5.1 1 weight of measurement, w i: N umber which
expresses the degree of confidence in the resul t of a
measurement of a certain quantity in comparison wi th
the result of another measurement of the same
quanti ty.

5.1 1 .1 ari thmetic weighted mean, xw: weighted
average, xw: Sum of the products of each value and its
weight (which can be posi ti ve or zero) of measurement
divided by the sum of the weights of measurement. I t i s
given by the formu la

xw =

5.1 2 calibration: The set of operations which
establ ish, under specified conditions, the relationship
between values indicated by a measuring device and
the corresponding known values obtained using a
measuring standard suitable for the flow- rates being
measured.

5.1 2.1 cal ibration hierarchy

5.1 2.1 .1 traceabi l ity: Property of a result of a
measurement whereby i t can be related to appropriate
standards, general ly i nternational or national standards,
through an unbroken chain of comparisons.

5.1 3 normal distribution; Laplace-Gauss
distribution: Probabi l i ty distribution of a continuous
random variable × such that the probabil i ty density is

f(x) =

NOTE — m i s th e arit hmet ic mean and σ i s the standard
devi at ion of the normal d is tr ibut ion.

5.1 4 method of least squares: Technique used to
compute the coefficients of the equation when a
particular form of equation i s chosen for fi tting a curve
to data. The principle of the method of least squares i s
the mi nimi zation of the sum of squares of deviations of
the data from the curve.

5.1 5 regression: Process of quantifying the
dependence of one variable on one or more other
variables. Regression i s a procedure for determ in ing
the unknown constants of a proposed model in such a
manner that predictions from the model are as close as
possible to the data in some way. Often ”as close as
possible” is taken to mean that the sum of squares of
the deviations is a mi nimum. Many of the available
computer programs suitable for curve fi tting have the
word ”regression” i n the ti tle. For the purposes of th is
International Standard, regression and least squares
may be regarded as synonyms.

5.1 6 (absolute) error of measurement: The result of
a measurement mi nus the (conventional) true value of
the measurand.

NOTES

1 The term re lates equall y to

— the indi cati on ,

— the uncorrected resul t,

— the corrected resu lt .

2 The known part s of th e erro r of measurement may be
compensated by appl yi ng appropr iate correcti ons. The
erro r of the corrected resul t can only be characteri zed by
an uncertain ty.

3 ”Absol ute erro r” , whi ch has a si gn , shoul d not be
confused wi th absolute val ue of an error wh ich is th e
modu lu s of an error.

5.1 7 outl ier: An observed value which appears to be
inconsistent wi th the remainder of the set of data.

5.1 8 spurious errors: Errors wh ich invalidate a
measurement. They general ly have a single cause such
as the incorrect recording of one or more significant
digi ts or the malfunction of instruments.

5.1 9 random error: Component of the error of
measurement which, i n the course of a number of
measurements of the same measurand, varies i n an
unpredictable way.

NOTE - It is not possib le to correct fo r random error.

5.20 systematic error: Component of the error of
measurement which, i n the course of a number of
measurements of the same measurand, remains
constant or varies i n a predictable way.

NOTES

1 Systemat ic erro rs and their causes may be known or
unknown.

2 The known part of a systemat ic erro r is not to be
incl uded i n the uncerta in ty budget to th e in strument
wh ich i s cali brated (i t shou ld , as a bias error, be
subtracted beforehand).

5.21 elemental error: Random or systematic error
associated wi th a single source or process in a chain of
sources or processes.
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