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A description is given of an instrument for measuring the total momen- 
tum flux of gas jets based on the rotation of the flow through 90 ~ andon 
the measurement of the force exerted by the flow on the rotating mech- 
anism. The instrument is used to measure the momentum of continuous 
and pulsed gas jets. 

In modern  exper imenta l  gasdynamics ,  ex tens ive  
use i s  made of va r ious  methods of measu r ing  the mo-  
mentum of a moving gas.  WeI1 known is the gasdynamic  
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Section along A--A 

Fig.  1. Device for  measu r ing  
the total momentum flux of gas 
j e t s :  1) probe;  2) e las t ic  e l e -  
ment;  3) guide vanes ;  4) inlet  

b lades;  5 ) s t r a i n  gauges.  

method of de te rmin ing  the total  momentum flux [1, 2] 
by measu r ing  the total and s ta t ic  p r e s s u r e  dis t r ibut ion 
over  the je t  c ross  sect ion.  However ,  this method can 
be used only when the moving gas obeys the equation 
of s tate PV = a T ,  and the jet  has a c r o s s - s e c t i o n a l  
a r e a  la rge  enough to accommodate  the n e c e s s a r y  num- 
be r  of total and s t a t i c p r e s s u r e p r o b e s .  Moreover ,  the 
accuracy  of the momentum de te rmina t ion  depends on 
the t e m p e r a t u r e  and chemica l  composi t ion of the gas. 

Di rec t  m e a s u r e m e n t  of the momentum of the gas 
je t  as the reac t ion  applied to the source  is poss ib le  
employing the ba l l i s t i c  pendulum method [3]. It involves  
the hinged suspension of the object f rom which the jet  
d i scharges  and cons is t s  in measu r ing  the ampli tude of 
the osc i l la t ions  of the pendulum thus obtained. When 
the weight and s ize  of the jet source  a re  l a rge ,  the use 
of this method involves the cons t ruc t ion  of c lumsy 
s t ruc tu r e s ,  and when the source  is r ig id ly  connected 
with s ta t ionary  objects  it is comple te ly  inapplicable.  
Moreover ,  the accuracy  of the m e a s u r e m e n t s  fal ls  as 
the ra t io  of pendulum weight  to measu red  momentum 
inc r ea se s .  

The p re sen t  a r t i c l e  is concerned with a much less  
common method of measu r ing  the total momentum flux 
of gas je ts ,  which, however ,  canbe  employed s u c c e s s -  

ful lywhen the above-ment ioned  methods a re  unsuitable.  
This method is  based on the use of a gas probe that 

smoothly ro ta tes  the jet  through 90 ~ and d i scharges  it  
rad ia l ly .  Obviously,  the fo rce  exer ted  by the gas flow 
on the probe is  equal in magnitude to the total  momen-  
tum flux of the or ig ina l  jet. 

A poss ib le  var iant  of an ins t rumen t  opera t ing  on 
this pr inc ip le  is shown in Fig.  1. Gas probe 1 is a 
f la t  box made of sheet  s tee l .  The inlet  sect ion is square  
with s ides  30 mm long. The probe is r ig idly  at tached 
to e las t ic  e l emen t  2, which acts as a fixed can t i l eve r  
with uni form bending r e s i s t a n c e .  At the probe outlets  
the re  a re  guide vanes  3 ensur ing  that the outflow of 
gas is s t r i c t ly  rad ia l .  On the inlet  sect ion the re  a r e  
th ree  rows of blades 4 designed to i nc r ea se  the flow 
r e s i s t a n c e  of the inlet.  Two pa i rs  of s t ra in  gauges 5, 
connected to a br idge  c i r cu i t  with an output to a loop 
osc i l lograph,  a r e  bonded to the e las t ic  e lement .  

We will  cons ider  the p rob lem of a gas flowing into 
a medium at known p r e s s u r e  Pa for  an a r b i t r a r y  jet 
shape (Fig. 2). In accordance  with the law of c o n s e r -  
vation of momentum the fo rce  exer ted  on the probe by 
the flow will  be equal to the sum I + PaSl. 

Moreove r ,  an unbalanced force  will  be exer ted  by 
the medium p r e s s u r e  on an a r e a  S 2 of the probe s u r -  
face.  Obviously, $2 = S1 + Sa. Thus,  if theou t le t  nozz le  
is  c i r c u l a r ,  the resu l tan t  fo rce  acting on the e las t ic  
e lement  wil l  be 

F = I - - P ,  ~ d 2  . 
4 

The fo rce  F act ing on the probe causes  co r r e spond-  
ing deformat ions  of the e las t i c  e lement ,  which a re  
r e c o r d e d  on the osc i l lograph  char t .  

The total momentum flux of a submerged  turbulent  
jet  r e m a i n s  unchanged along its length [4] if  the p r e s -  
su r e s  in the ambient  medium and in the jet a re  equal. 
Thus,  par t ia l  dece le ra t ion  of the je t  and the c o r r e -  
sponding en t ra inment  of the medium at the in te r face  
as a r e su l t  of turbulent  mixing do not affect the in-  
s t rument  readings .  

The readings  depend on the d is tance  between the 
inlet  sect ion of the probe and the outlet  sect ion of the 
nozzle .  As this d is tance  i n c r e a s e s ,  the ins t rument  
readings  r e m a i n  unchanged as long as the en t i re  jet, 
including the turbulent  mixing zone, en te r s  the probe.  
The maximum dis tance at which the en t i re  jet  en te rs  
the probe can be es t imated  f rom the data of [4], in 
which it was shown that the angle fo rmed  by the bound- 
ary  of a turbulent  submerged  je t  and its axis on the 
pr inc ipa l  sect ion is on the o rde r  of 12.5 ~ . 
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An exper imenta l  model of the i n s t rumen t  has  been 
tes ted us ing a gas jet whose momentum was f i r s t  
careful ly  measu red  by the gas -dynamic  method cor -  
rec t  to 1-2%. This jet was obtained by allowing the 
gas to flow out of a tank through a convergent  nozzle 
with a ca l ibra ted  or i f ice  without a cy l indr ica l  sect ion 
at the outlet. The d iameter  of the outlet sect ion 
was 3 mm. The gas left the nozzle,  which has a Buse-  
mann profi le ,  with a supersonic  p r e s s u r e d r o p .  Under 
these conditions the total momentum flux in the outlet 
sect ion depends only on the p r e s s u r e  in the tank and 
on the d iamete r  of the outlet or i f ice  and can be de-  
t e rmined  ve ry  accura te ly .  

The r e su l t s  are  presen ted  in Fig. 3. The absc i s sas  
(I*) a re  the values  of the momentum measu red  by the 
gasdynamic  method and the ordinates  (I) give the mo-  
mentum of the same jet measu red  with our exper i -  
mental  ins t rument .  Cal ibra t ion of the deflection of the 
osci l lograph beam and the force act ing on t he sens i t i ve  
e lement  was f i r s t  obtained us ing a set of weights. The 
exper iments  were repeated  seve ra l  t imes  in the range  
of momentum values f rom 0.3 to 2.2 newtons. The in -  
s t r umen t  e r r o r  l ies  within the l imi t s  of e r r o r  of the 
gasdynamic method. 

When the dis tance f rom the outlet sect ion of the 
nozzle to the inle t  sect ion of the probe was var ied ,  the 
i n s t rumen t  readings  r ema ined  unchanged as long as 
this dis tance did not exceed 65 mm,  which is in good 
agreement  with the es t imate  given above. It was also 
es tabl ished that the i n s t rumen t  readings  a re  not af- 
fected by a smal l  angle of attack (up to 4~ 

The m e a s u r e m e n t  of the momentum of a pulsedflow 
was done with a f as t -ac t ing  shut ter .  The d imens ions  
of the shut ter  opening were  se lec ted  so that the jet  
acted on the i n s t r u m e n t  for approximate ly  0.1 sec.  In 
this case the osc i l logram rep re sen t ing  the motion of 

Fig. 2. Derivat ion of the equa-  
tion for de te rmin ing  the total  
momentum flux f rom the in -  

s t rumen t  read ings .  

sponded, co r r ec t  to 1%, to the dis tance f rom the zero 
mark  on the osc i l logram to the axis of the sinusoid.  
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Fig. 3. Compar ison  of exper i -  
mental  datawith the resu l t s  of 
m e a s u r e m e n t s  made by the 
gasdynamic method (I, I* in N). 

The na tura l  f requency of the e las t ic  sys tem was about 
30 Hz, i .e. ,  the t ime of action of the jet  was severa l  
t imes  g rea te r  than the per iod of the na tura l  v ibra t ions .  
In these c i r cums tances  there  a re  no dynamic e r r o r s  
associa ted with the ine r t i a  of the v ibra t ing  sys tem.  

Thus,  as the r e su l t s  p resen ted  show, in cer ta in  
cases  the descr ibed  method of me a su r i ng  the total  
momentum flux of gas jets  can be employed succes s -  
fully together with other methods.  There  may also be 
cases  where this method is the only one suitable.  

NOTATION 

I is the total momentum flux at the nozzle  outlet 
section;  Pa is the p r e s s u r e  of the medium into which 
the jet flows; S 1 is the project ion of the a rea  of l iquid 
contour of the jet on the plane perpendicu la r  to the flow 
axis;  Sa is the a rea  of the nozzle  outlet sect ion;  F is 
the force  exerted by the flow on the e las t ic  element  of 
the ins t rument ;  and d is  the d iameter  of the nozzle  
outlet section.  
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the elastic element was a sinusoidal curve correspond- 
ing to its natural vibrations. The momentum corre- 27 February 1967 


