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IN A C O N D U I T  W I T H  A 
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We p r e s e n t  the e x p e r i m e n t a l  r e l a t i o n s h i p s  for the coef f ic ien t  of k ine t ic  flow e n e r g y  and 
s ta t i c  p r e s s u r e  as a funct ion of condui t  length  fol lowing a Ven tu r i  tube.  A fo rmula  is  
p roposed  for  the d e t e r m i n a t i o n  of the coef f ic ien t  of the hydrau l i c  r e s i s t a n c e  of the Ven-  
t u r i  tube as a funct ion of i ts  s t r u c t u r a l  p a r a m e t e r s ,  as wel l  as a funct ion of the length of 
the s t r a i g h t  s e g m e n t  of the condui t  beh ind  the Ven tu r i  tube.  

In p r a c t i c a l  app l i ca t ions ,  ex tens ive  use is made  of Ventur i  tubes  to m e a s u r e  the flow ra te  of s 
and gases .  T h e i r  c h a r a c t e r i s t i c s  as flow m e t e r s  have been  r a t h e r  fully s tudied  [1-3], but t he re  is l i t t le  
i n f o r m a t i o n  as to the hydrau l i c  l o s s e s  which r e s u l t  f rom the i n s t a l l a t i o n  of Ventur i  tubes .  

In this  connec t ion ,  we used an i n s t a l l a t i o n  made up of a KSE-5 a i r  c o m p r e s s o r ,  and a r e c e i v e r  f rom 
which the a i r  is p a s s e d  through a m e a s u r i n g  d i a p h r a g m  into a s t r a i g h t  l ine  c y l i n d r i c a l  condui t  s e g m e n t  with 
a d i a m e t e r  of 53 ram, in which Ven tu r i  tubes  of va r i ous  c o n s t r i c t i o n s  were  se t  up. The lengths  of the con-  
duit  s e g m e n t  ahead of and behind the Ven tu r i  tubes  were  m o r e  than 45 d, which is su f f ic ien t  to s t a b i l i z e  the 
ve loc i ty  prof i le .  The bas i c  c h a r a c t e r i s t i c  of Ventur i  tubes  is  the c o n s t r i c t i o n  r a t i o  
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Fig.  1. Change in the coef f ic ien t  of k ine t ic  e n e r g y  (1) and in the coef f ic ien t  of s t a t i c  p r e s s u r e  
(2) a long  the condui t  behind  the V e n t u r i  tube.  

Fig.  2. Coeff ic ien t  of k ine t ic  e n e r g y  and coef f ic ien t  of s t a t i c  p r e s s u r e  in the condui t  behind the 
Ven tu r i  tube (with v a r i o u s  c o n s t r i c t i o n  ra t ios )  as  funct ions  oi the d i m e n s i o n l e s s  d i s t a nc e :  1) n 
= 6.15; 2) 3.6; 3) 2.95; 4) 2.05. 
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Fig.  3. Ratio ~1/~ as  a func- 
tion of the length of the s t r a i g h t -  
l ine segment  of the conduit  be-  
hind the Venturi  tube. 

The inlet  por t ion of the Venturi  tube has a rad ius  of 8 mm; this is fol- 
lowed by a cy l inder  segment  2 mm in length, and a d i f fuser  with a di-  
ve rgence  angle of 6 ~ . At s ix  c r o s s  sec t ions  of the conduit,  following 
the Venturi  tube at  d i s tances  of x = 0.094d, 0.85d, 1.6d, 2.36d, 4.4d, 
11.5d, r e spec t i ve ly ,  and in the sec t ion  d i r e c t l y  in front  of the Venturi  
tube we m e a s u r e d  the p rof i l es  of the total  and s ta t ic  flow p r e s s u r e s  
along the d i a m e t e r  of the l a t e r a l  c r o s s  sect ion of the conduit. The 
m e a s u r e m e n t s  were  c a r r i e d  out with F - s h a p e d  to ta l -  and s t a t i c - p r e s -  
su re  nozzles  which were  mounted on a pos i t ioning  device,  des igned by 
the Cent ra l  Ae rohydrodynamics  Inst i tute.  The average  ve loc i t i e s  of 
the a i r  flow in the conduit v a r i e d  f rom 10 to 40 m / s e c ,  which enabled 
us to neglect  the change in dens i ty  over  the length of the conduit  and 
a c r o s s  it. 

An impor t an t  c h a r a c t e r i s t i c  of the nonuniformity  of veloci ty  d i s t r ibu t ion  through the l a t e r a l  c r o s s  s ec -  
tion of the conduit  is  the coeff ic ient  of the kinetic  energy  of the flow for the given c r o s s  sect ion,  i . e . ,  

R R 

/ 
Thus, the coeff ic ient  kf shows the extent  to which the value of the kinet ic  ene rgy  in this  c r o s s  sect ion d i f fe rs  
f rom the magnitude of the kinetic  ene rgy  of the flow, which would be found if the ve loc i t i e s  were  uniformly 

d i s t r ibu ted .  

F o r  the c h a r a c t e r i s t i c s  of the s ta t ic  p r e s s u r e  in the conduit it is  convenient  to use the concept  of the 
s t a t i c - p r e s s u r e  coeff ic ient  

p =  P 

2 

P r o c e s s i n g  the e x p e r i m e n t a l  data on an e l ec t ron ic  compute r ,  we found the quanti ta t ive r e l a t ionsh ips  
governing the changes in the coeff ic ient  of kinet ic  ene rgy  and in the s t a t i c  p r e s s u r e  along the conduit  when 
Ventur i  tubes were  ins ta l led  in the l a t t e r ,  exhibi t ing  the above- ind ica ted  cons t r i c t ion  r a t io s  for va r ious  flow 
r a t e s .  F igu re  1 shows s c h e m a t i c a l l y  the change in the coeff ic ient  kf (curve 1) and in the coeff ic ient  of s t a t -  
ic p r e s s u r e  P (curve 2) along the length of the conduit. F o r  this  range of flow r a t e s ,  the k i n e t i c - e n e r g y  
coeff ic ient  kf and the s t a t i c - p r e s s u r e  coeff ic ient  P a r e  independent of the Reynolds number .  The s loping 
line 3 in Fig.  1 shows the p r e s s u r e  l o s s e s  to ove rcome  the forces  of f r ic t ion  to the end of the conduit,  ac -  

cord ing  to the Darcy  formula 

l s - -  x pW2av 
A P = ~ - -  " . 

d 2 

The coeff ic ient  kf fa l ls  sha rp ly  behind the Venturi  tube, ove r  the length of the conduit,  whereas  P in-  
c r e a s e s ;  the f o r m e r  approaches  i ts  value at  the inlet  to the Venturi  tube, whe reas  the l a t t e r  approaches  the 

line of the hydrau l ic  gradient .  

The quant i ta t ive  r e l a t ionsh ip  governing the change in the coeff ic ient  of the kinet ic  ene rgy  of the flow 
proved  to be s i m i l a r  to that  obse rved  in the mixing  chamber  of an e j e c t o r  [4], but at  the same  t ime there  a r e  
c e r t a i n  d i f fe rences .  The d i s t r ibu t ion  of the loca l  ve loc i t i e s  over  the l a t e r a l  c r o s s  sec t ion  of the conduit a r e  
not sub jec t  to a un ive r sa l  p rof i le  of d imens ion l e s s  ve loc i ty  with r e s p e c t  to a d imens ion l e s s  rad ius .  The 
change kf ove r  the length of the conduit  can be e x p r e s s e d  by an exponent ia l  function that  is s i m i l a r  in form 
to the function for  the mixing chambe r  of an e j e c t o r  [4]: 

k] = 1 + 0.02~ + 0.04 ~p', 

where  for  our p rob lem we have 

(1) 

R 

a l + x + .  1 + c  

Here  b and c a r e  cons tants ,  with b = 202 and c = - 3 4 .  The e xpe r i m e n t a l  data a r e  in good a g r e e m e n t  with 
(1) for  a tu rbulence  fac tor  of a = 0.067. 

P r o c e s s i n g  the expe r imen t a l  data and approx ima t ing  them by the method of l ea s t  squa re s ,  we found 
kf as a function of the d imens ion l e s s  d i s tance  q~ in the fo rm 

508 



k s ----- klo q- A exp-B-B . (3) 
cp 

In th i s  e x p r e s s i o n  A and B a r e  c o n s t a n t s ,  wi th  A = 54.9 and B = - 8 . 6 3 .  F o r  a t u r b u l e n t  flow r e g i m e ,  g iven 
an e x p o n e n t i a l  funct ion for  v e l o c i t y  d i s t r i b u t i o n  [5], we have  

(m + 1)a(2m + 1) a 
kl~ = 4m 4 (3 + m) (3 + 2m) 

We c a n  d r a w  o u r  c o n c l u s i o n s  f r o m  Fig .  2 with r e g a r d  to the a g r e e m e n t  be tween  (3} and the e x p e r i -  
m e n t a l  da ta .  

We w e r e  ab le  to a p p r o x i m a t e  the d i f f e r e n c e  be tween  the s t a t i c  p r e s s u r e  d e t e r m i n e d  by the h y d r a u l i c  
g r a d i e n t  (line 3 in F ig .  1) and the a c t u a l  p r e s s u r e  in the condui t  beh ind  the V e n tu r i  tube by the fo l lowing  
r e l a t i o n s h i p :  

C OW=av 
APi = D exp -~- ~ - (4) 

H e r e  D and C a r e  c o n s t a n t s ,  wi th  D = 29.32 and C = - 7 . 0 3 .  

Thus ,  if  we know the p r e s s u r e  Pa in the c r o s s  s e c t i o n  of the condui t  a t  a d i s t a n c e  13 f r o m  the Ven tu r i  
tube ,  w h e r e  i t s  e f f ec t  is  no l o n g e r  p e r c e i v e d  and fo r  which  we know the c o e f f i c i e n t  of h y d r a u l i c  f r i c t i o n  ),, 
the s t a t i c  p r e s s u r e  in the s e g m e n t  beh ind  the Ven tu r i  tube i s  g iven by  the e x p r e s s i o n  

P,~ = Pa -+- :~ la - -  x PW~ v D exp C 9W2a____~v 
d 2 r 2 

o r  in d i m e n s i o n l e s s  f o r m  

P,  = Pa-/X l a - -  x D exp C . (5) 
d r 

A g r e e m e n t  be tween  (4) and the e x p e r i m e n t a l  da t a  is  d e m o n s t r a t e d  in F ig .  2. 

We know of the P r a n d t l  f o r m u l a  fo r  the d e t e r m i n a t i o n  of l o s s e s  in a Ven tu r i  tube [6]: 
2 PWav _~ 

A P = r  2- -  ( " - 1 ) '  (6) 

The l o s s  f a c t o r  is  a s s u m e d  to be g = 0 .15-0 .20 .  E x p e r i m e n t  showed  tha t  (6) i s  va l id  on ly  for  the s p e c i a l  
c a s e  in which  the Ven tu r i  tube is  m o u n t e d  at  the end of the condui t ,  e.g., at  the  po in t  w h e r e  the flow d i s -  
c h a r g e s  into the a t m o s p h e r e  o r  into a l a r g e - v o l u m e  r e s e r v o i r ,  i . e . ,  in t h e s e  c a s e s  in which  t h e r e  a r e  no 
cond i t i ons  s u i t a b l e  fo r  the u t i l i z a t i o n  of the k ine t i c  flow e n e r g y .  In th i s  e a s e ,  the  p r e s s u r e  l o s s e s  in the 
Ven tu r i  tube r e p r e s e n t  the  d i f f e r e n c e  be twee n  the p r e s s u r e s  m e a s u r e d  a t  the  i n l e t  to and ou t l e t  f r o m  the 
Ven tu r i  tube .  The p r e s s u r e  l o s s e s  whieh  a r i s e  as  a c o n s e q u e n c e  of the i n s t a l l a t i o n  of the Ven tu r i  tube in 
the  condu i t  - wi th  c o n s i d e r a t i o n  of the  r e s t o r a t i o n  of a c e r t a i n  f r a c t i o n  of the  k ine t i c  e n e r g y  in the f o r m  of 
s t a t i c  p r e s s u r e  - a r e  d e t e r m i n e d  by the d i f f e r e n c e  ~P2 be tween  the s t a t i c  p r e s s u r e  ahead  of the Ven tu r i  
tube and the p r e s s u r e  in the condui t  wi thout  a Ven tu r i  tube a t  the c r o s s  s e c t i o n  c o r r e s p o n d i n g  to the ou t l e t  
f r o m  the tube.  The s t a t i c  p r e s s u r e  a t  th i s  s e c t i o n  is found f r o m  the h y d r a u l i c  g r a d i e n t .  

The p r e s s u r e  l o s s  in the  condui t  - a r e s u l t  of the  i n s t a l l a t i o n  of a V e n tu r i  tube ,  c o n s i d e r i n g  tha t  the 
Ven tu r i  tube o c c u p i e s  a p o r t i o n  of the  o r i g i n a l  condui t  l ength  - wi l l  i n c r e a s e  by APe (see F ig .  1), which  is  
s m a l l e r  than the d i f f e r e n c e  'AID 2 by the magn i tude  of the p r e s s u r e  l o s t  to f r i c t i o n  in a condui t  s e g m e n t  equa l  
in length  to the Ven tu r i  tube.  

The d i f f e r e n c e  A P  2 is  s m a l l e r  than ~ P  by AP1, d e t e r m i n e d  f r o m  (4), p r o v i d e d  tha t  the  l eng th  of the 
s t r a i g h t l i n e  condui t  s e g m e n t  i s  su f f i c i en t  fo r  the  c o m p l e t e  s t r a i g h t e n i n g  out  of the flow. In th i s  c a s e  we 
m u s t  c a r r y  out  the  s u b s t i t u t i o n  ~o = % in (4). If the  s t r a i g h t l i n e  s e g m e n t  of the  condui t  beh ind  the Ven tu r i  
tube has  a l eng th  x -  which  is  i nadequa t e  fo r  the  c o m p l e t e  s t a b i l i z a t i o n  of the flow v e l o c i t y  p r o f i l e s  - the 
r e d u c t i o n  in the  p r e s s u r e  l o s s e s  in the  s y s t e m  wi l l  a m o u n t  to 

AP,~ (D C --D exp C) pw2v 
= exp oPT - ~  2 

The e f f ec t  of the s t r a i g h t l i n e  condui t  s e g m e n t  on the m a g n i t u d e  of the l o s s e s  in the  condui t  wi th  a Ven-  
t u r i  tube can  be a c c o u n t e d  fo r ,  a s s u m i n g  a r e s i s t a n c e  f a c t o r  ~ in (6) in the f o r m  

~i = ~ - -  At .  (7) 

H e r e  
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e x p - -  1 - -  exp At = n ~ -  I % 

F i g u r e  3 shows  the c u r v e  for  the  change  in the r a t i o  of ~l fo r  the i n v e s t i g a t e d  V e n tu r i  t ubes  fo r  the 
m a g n i t u d e  of ~, which  is  the r e s i s t a n c e  f a c t o r  r e c o m m e n d e d  in [6]. 

It shou ld  be noted  tha t  the  funct ion found fo r  a condui t  wi th  a Ven tu r i  tube a r e  mean ing fu l  even  fo r  a 
condui t  wi th  a d i f f u s e r ,  s i n c e  the p r e s e n c e  of a c o n s t r i c t i n g  in le t  p o r t i o n  of a V e n tu r i  tube does  not a l t e r  the  
c o e f f i c i e n t  of k ine t i c  e n e r g y  fo r  the  t h r o a t  s e c t i o n ,  r e l a t i v e  to the va lue  of th i s  c o e f f i c i e n t  a t  the in le t  to 
the  Ven tu r i  tube [3]. 

P and Ap 

P 
w and Wav 
R, d, and F o 
l, n, and F t 

x 

l 3 

kf and kf0 

and q)o 
g 

X 

1 / m  

NOTATION 

a r e  the  s t a t i c  p r e s s u r e  and i t s  d i f f e r e n c e ;  
is  the  a i r  d e n s i t y ;  
a r e  the l o c a l  and the a v e r a g e  flow v e l o c i t i e s ;  
a r e  the  r a d i u s ,  d i a m e t e r ,  and a r e a  of the  l a t e r a l  condu i t  c r o s s  s ec t i on ;  
is  the  l eng th  of the d i f f u s e r  p o r t i o n ,  the c o n s t r i c t i o n  r a t i o ,  and  the a r e a  of the t h r o a t  s e c -  
t ion of the  Ven tu r i  tube;  
i s  the  d i f f e r e n c e  f r o m  the s e c t i o n  unde r  c o n s i d e r a t i o n  to the  ou t l e t  s e c t i o n  of the  Ven tu r i  
tube;  
i s  the  d i s t a n c e  f r o m  the ou t l e t  s e c t i o n  to the end of the  condui t ;  
a r e  the  c o e f f i c i e n t s  of k ine t i c  e n e r g y  fo r  n o n s t e a d y  and s t e a d y  l o c a l - v e l o c i t y  p r o f i l e s ,  r e -  

s p e c t i v e l y ;  
i s  the  d i m e n s i o n l e s s  d i s t a n c e  and i t s  va lue  when x = 0; 
is  the  t u r b u l e n c e  f a c t o r ;  
i s  the  c o e f f i c i e n t  of h y d r a u l i c  condui t  f r i c t i on ;  
i s  the c o e f f i c i e n t  of V e n t u r i - t u b e  r e s i s t a n c e ;  
i s  the  exponen t  in the  f o r m u l a  fo r  the e x p o n e n t i a l  d i s t r i b u t i o n  of v e l o c i t i e s  in a t u r b u l e n t  
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