
D I S C H A R G E  O F  A P L A N E  A I R  J E T  

E .  P .  D y b a n ,  A .  I .  M a z u r ,  
a n d  I~. Ya .  ]~p ik  

I N T O  A B L I N D  P A S S  

UDC 533.601.1 

The exis tence of two discharge  reg imes  of a plane je t  into a blind pass was established exper i -  
mentally.  It  is shown that the initial section is absent in such a je t  and the range of the je t  is 
commensurable  with its width. 

The hydrodynamics  of a plane je t  emerging into a blind pass has been studied considerably less  
thoroughly than that of an ax i symmet r i c  jet.  In par t icu la r ,  whereas  for  an ax i symmet r i c  je t  emerging into 
a re la t ive ly  long cyl indrical  blind pass  there  are  exper imenta l  data in the l i t e ra tu re  (see, for  example,  
[1, 2]) agreeing sa t i s fac tor i ly  with the theoret ica l  solution [2], the information on the propagation of a plane 
je t  in 'a p lane-para l le l  blind pass is l imited to the solutions in [2-4]. 

An analysis  of the resu l t s  of the solutions in [2] and [3, 4] shows that they differ  considerably.  Thus, 
according to [2] the length of the initial section in the jet  emerging into a long blind pass remains  approxi-  
mate ly  the same as in a f ree  jet,  and complete at tenuation of the axial velocity occurs  at a distance of 3-4 
d iamete r s  of the blind pass.  It  follows f rom the solutions in [3, 4] obtained for  blind passes  of a r b i t r a r y  
length that the initial section is prac t ica l ly  absent in the jet, and the drop of axial velocity occurs  so in- 
tense ly  that a l ready  at dis tances of the o rde r  of one d iamete r  of the blind pass f rom the nozzle end face it 
is 1-3% of the initial d ischarge  velocity.  In par t icu la r ,  for  a plane jet  discharging into a p lane-para l le l  
blind pass [4] the change of axial velocity over  the length of the blind pass is descr ibed  by t h e e x p r e s s i o n  
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Having assigned in the f i r s t  approximation a rec tangular  veloci ty  diagram in the c ross  section of the blind 
pass  coinciding with the nozzle  end face,  we obtain, for  example,  when b = 0.3 
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Since the solution in [2] is inapplicable for  re la t ively  shor t  blind passes  and there  is a fundamental 
d i f ference between the resul ts  of the solutions in [2] and [4], the need for an experimental  investigation of 
the hydrodynamics  of a plane jet  discharging into a blind pass of a r b i t r a r y  length is obvious. 

In the p resen t  study this investigation was pe r fo rmed  on p lane-para l le l  rec tangular  blind passes  with a 
length of 191 mm and width of 25 and 51 mm and on a parabol ic- type  blind pass with a d iamete r  of a c i rc le  
inscr ibed at  the ve r tex  of 24 mm and width of 86 mm at a maximum length of 191 mm; the height of the 
blind passes  was 60 ram. The slotted nozzle,  installed in the plane of s y m m e t r y  of the blind pass,  had 
movable s ides ,  which made it possible to change the width of the nozzle f rom 5 to 25 mm; the distance f rom 
the nozzle end face to the cr i t ical  point (ver tex of theblind pass) in the parabol ic  blind pass  was changed by 
means of inser ts ;  in the rec tangular  blind pass the end wall could be moved, creat ing blind passes  of a r -  
b i t r a ry  length up to the maximum. The surface  of the blind passes  about the p e r i m e t e r  was drained by 
0 .6 -mm-diam.  holes.  The pipe connections for  bleeding the stat ic p r e s su re  were  connected to a 40-point 
multitube p r e s s u r e  gauge which recorded  the distr ibution of the stat ic p r e s su re  over  the p e r i m e t e r  of the 
blind pass.  
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Fig. 1. Typical  distr ibution of s ta t ic  p r e s s u r e  ove r  
the p e r i m e t e r  of the blind pa~s,  m m  (h = 112 ram): 1) 
s y m m e t r i c  d i scharge  with coun t e rp r e s su re ,  b = 0.31; 
2) d i scharge  with a t tachment  of the jet  into a p a r a -  
bolic blind end with inc reased  coun t e rp r e s su re ,  ]~ 
= 0.12; 3) the same ,  into a rec tangu la r  b l indpass  without 
c o u n t e r p r e s s u r e ,  b = 0.14; 4) the s a m e , w i t h  counte r -  
p r e s s u r e ,  b = 0.14; 5) the s a m e , w i t h  inc reased  counte r -  
p r e s s u r e ,  b = 0.14. 

The axial  veloci ty  and its fluctuation ove r  the length of the blind pass  were  measu red  by a cons tant -  
t e m p e r a t u r e  ho t -wi re  a n e m o m e t e r  whose senso r  (wire d i a m e t e r  6 p m ,  length 2-2.5 ram) was moved by a 
coordinator  fastened on the end wall  of the blind pass .  The ho t -wi re  a n e m o m e t e r  m e a s u r e m e n t s  were  
duplicated in control expe r imen t s  by a s t ra igh t  combined Prandt l  tube with a 0.6 m m  d iame te r  of the cent ra l  
opening. The possibi l i ty  of measur ing  the veloci ty  prof i le  in the exit  channels of the blind pass  was  also 
provided for  in the device .  

The a i r  was bled f rom the blind p a s s e s  through side channels with 45 - r am-d i am.  d i scharge  holes ,  
which during the exper iments  were  e i ther  open ( reg imes  without counte rpressure )  or  drain tubes with ad jus t -  
able valves  w e r e  connected to them ( reg imes  with coun te rp re s su re ) .  

The initial d ischarge  veloci ty  f rom the nozzle did not exceed 100 m / s e e ,  the a i r  t e m p e r a t u r e  was 
15-20~ this cor responded to Reynolds numbers ,  de te rmined  f r o m  the p a r a m e t e r s  of the nozzle  d i scharge ,  
of 3- 10-3-10~; the initial turbulence var ied  f rom 2 to 13% with a change of nozzle width f r o m  6 to 23 ram, 
respec t ive ly .  

F o r  visual  observa t ions  of the c h a r a c t e r  of propagat ion of the jet  in the blind pass ,  in one of its side 
walls  we cut a 1 .5- ram-wide  slot ove r  the ent i re  length of the blind pass ,  which was sealed tight on the out-  
s ide by a s t r i p  of organic  g las s .  In these  exper imen t s  w a t e r  with the addition of pur i f ied a luminum powder 
was passed  through the blind pass .  The flow was i l luminated through the slot  by a 2 kW incandescent  l amp 
and photographed by a "Zeni th-ZM" c a m e r a  on ORWO fi lm with a sensi t ivi ty/of  360 units accord ing  to the 
State Standard. 

The exper iments  showed that  with the d ischarge  of a plane jet  into a blind pass  two flow r eg imes  a r e  
obse rved  which were  not predic ted  by a single one of the solutions in [2, 3, 4]. 

We see f rom the curves  of the distr ibution of the s ta t ic  p r e s s u r e  ove r  the p e r i m e t e r  of the blind pass  
p re sen ted  in Fig. 1 that  the f i r s t  r eg ime ,  hencefor th  cal led s y m m e t r i c  d i scharge ,  is cha rac t e r i zed  by a 
p r e s s u r e  dis tr ibut ion comple te ly  s y m m e t r i c  re la t ive  to the c r i t i ca l  point (curve 1). The second reg ime ,  
hencefor th  called d i scharge  with a t tachment  of the jet  (curves  2-5),  is cha rac t e r i zed  by the p r e sence  on one 
of the side wal ls  of a noticeable p r e s s u r e  peak  whose posit ion re la t ive  to the longitudinal axis  of the blind 
pass  (to the r ight  o r  left) is equiprobable and wel l -def ined re la t ive  to the nozzle  end face .  

The re la t ive  width of the nozzle b is the p a r a m e t e r  determinil~g the occur rence  of one of the indicated 
d i scharge  r eg imes .  In all  invest igated cases  a s y m m e t r i c  d i scharge  was obse rved  when b > 0.3 and a d i s -  
charge  with a t tachment  of the jet  when b < 0.27. 

The t r a n s f e r  of the p r e s s u r e  peak f rom one side wall  of the blind pass  to the o ther  at  a point s y m -  
me t r i c  to the original  is poss ib le  in r eg i m es  with a t tachment  of the jet.  This  t r a n s f e r  can be effected in 
pa r t i cu l a r  by a sl ight  i nc rease  of coun t e rp re s su re  in the exit  channel on that  side wall  of the blind pass  
where  the p r e s s u r e  peak  is located.  In this case  the curve  of the dis tr ibut ion of the stat ic  p r e s s u r e  over  
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Fig. 2. Discharge of a plane jet into a blind pass ,  Re = (4.1-5) 
- 10~: a) h = 64 ram; b = 17.5 ram; B = 51 ram; b) respect ively  
63; 23; 61 ram; c) 112; 18; 51 ram; d) 112; 23.5; 76 ram; e) 112; 
11; 76 mm; f) 112; 7; 51 ram; g) 191; 5.5; 25 ram. 

the pe r ime te r  of the blind pass becomes a m i r r o r  image of the curve preceding it - the p ressu re  peak 
moves to the opposite wall of the blind pass,  and the process  itself is accompanied by an acoustic effect, 
a small  bang. An increase  of the velocity at the nozzle exit causes an increase of the absolute value of the 
p re s su re  peak without changing its location and length. During operation of the device with counterpressure  
the flow in the blind pass and the t r ans fe r  effect of the p res su re  peak are  sufficiently stable in time. Dur-  
ing operation of the device with direct  exhaust into the a tmosphere  spontaneous t ransfer  of the p res su re  
peak from one side to the other is observed:  regular  inn re la t ive lylong blind pass and systematic  in a short  
one, with a length of 1.1-1.3 d iameters  of the blind pass.  

Figure 2 (a, b, c) shows t~pical photographs of the symmet r i c  regime of discharge of the jet into a 
blind pass ,  where we see the absence of the initial section in the jet. The range of the jet is commensurable  
with the width of the nozzle, and a turn of the flow occurs  in the immediate vicinity of the nozzle end face. 
A large par t  of the blind pass is occupied by a sys tem of eddies having a relat ively low velocity; the bound- 
a ry  of existence of the jet and s tar t  of the eddy zone is defined quite distinctly. Symmetry  of the turn of the 
jet provides also equality of the flow rates  in the exit channels of the blind pass.  

Photographs of d ischarge with at tachment of the jet a re  presented in Fig, 2 (d, f, g), In this case the 
jet emerging into the blind pass curves  immediately at the nozzle exit and attaches to one of the side walls 
of the blind pass .  Its fur ther  path represents  a charac te r i s t ic  looplike curve enveloping ei ther the entire 
cavity of the blind pass or  the region near  the nozzle.  Visual observations show that the phenomenon of 
at tachment  of a narrow plane jet to one of the side walls of a blind pass is analogous to the Coanda effect 
and apparent ly has the same nature of occurrence  [5]. 

The investigations established that in blind passes  when h > 1.5 and b = 0.07-0.27 there  is no symmet r i c  
regime of d ischarge of a plane jet analogous to that shown in Fig. 2e, where the moment of t r ans fe r  of the 
jet f rom one side wall of the blind pass to the other  is recorded.  
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Fig. 3. Change of the axial velocity over  the length 
of the blind pass  with a symmet r i c  regime of jet dis-  
charge:  I) according to Eq. (2) for b = 0.3; a) pa ra -  
bolic blind pass:  1, 2) h = 63 mm; B = 61 mm; b = 18.5 
mm; % = 22 and 41 m/sec ;  3, 4) respect ively  112; 76; 
21 mm; u 0 = 23 and 36 m/see ;  5, 6) 162; 85; 23.3 mm; 
u o = 24.2 and 40.2 m/sec ;  b) rectangular  blind pass:  1, 
2, 3) h = 64 ram; u 0 = 18.1; 34.7; 57.3 m/sec ;  4, 5, 6) 
112; u 0 = 16.7; 33.9; 55.7 m/ sec ;  7, 8, 9) 191; u 0 = 24.8; 
40.3; 60.2 m / s e c ;  1-9) for b = 15.2 mm; B = 51 ram; 
10, 11) h = 191 mm; B = 25 ram; b = 6.9 mm; u 0 = 15.4 
and 28 m / s e c .  

An analysis  of the photographs of the discharge of the jet with at tachment shows that the p res su re  
peak in the curves of Fig. 1 is due to attachment of the jet to the side wall of the blind pass .  In addition, 
it is explained why the t r ans fe r  of the jet occurs  only under an effect on the exit channel located on the side 
of at tachment of the jet: an increase  of counterpressure  in this channel squeezes (removes) the point of 
at tachment of the jet c loser  to the end wall of the blind pass,  straightening the jet. Pass ing through the un- 
stable zone on the axis of symmet ry  of the blind pass (Fig. 2e), the jet at taches stably to the other side 
wall. 

In the experiments  on discharge of a jet with attachment we observed extremely marked a symmet ry  of 
the flow rates  in the exit channels of the blind pass:  in the case of operation of the device with counterpres -  
sure the flow rates  differed by a factor  of 1.7-1.8 and without counterpressure  by a fac tor  of 4, whereby 
g rea t e r  flow rates  occur red  in the exit channel adjacent to the side wall free of attachment.  

Figure 3 shows the resul ts  of measur ing the velocity on the axis of the jet discharging into a blind pass 
for the symmet r i c  regime.  * Without analyzing the slight (very weak) effect of the Reynolds number,  initial 
turbulence,  geometr ic  relat ions,  and shape of the blind passes  on the charac te r  of change of the axial velo- 
city, we should note ' the t rend toward a marked drop of velocity over the length of the jet which was common 

�9 Measurements  of the velocity were limited to the length of existence of the jet. The boundary between the 
jet and eddy zone was determined by comparing the readings of the combined tube with the data of the hot-  
wire  anemometer  measurements .  
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for all exper iments :  in the range h = 1.5-7.6 for x /b  = 1.5 urn, u m -~ 0.3-0.5. In this case the charac te r  
of change of the velocity along the axis of the jet agrees  qualitatively better with the results  of the solutions 
in [3, 4] than of the solution in [2]. As is known, it is suggested in [3, 4] that the motion of a fluid is d e -  
scr ibed by equations of the potential flow direct ly  f rom the nozzle end face; in [2] such an assumption is 
made only for  the section of the turn of the jet in the blind pass,  i . e . ,  at a distance of more  than two dia-  
meters  of the blind pass f rom the nozzle end face. 

We note that the existence of two discharge regimes  and the absence of an initial section in the jet 
were  observed also in a blind pass for which at a height of 60 mm and B = 16 mm the nozzle v~idth was 
var ied f rom 2 to 6 mm. 

The data presented above on the regular i t ies  of the discharge of a plane jet into a blind pass permits  
explaining the U-shaped curves  of the distribution of local hea t - t r ans fe r  coefficients about the per imete r  
of a parabolic blind pass  observed in [6]. It turns out that in the experiments  in [6], which were  car r ied  
out under conditions of a symmet r i c  je t -d ischarge  regime,  the maximum values of the local hea t - t r ans fe r  
coefficient were  due to contact of the jet af ter  the turn with the side walls of the blind pass  to the right and 
left of the nozzle. 

On the basis of the experimental  data obtained we can make the following conclusions. 

1. In the case of the propagation of a plane jet into a plane-paral le l  blind pass of the investigated 
dimensions and configurations there  exist two discharge regimes  - symmet r i c  andwithunilateral  a t tach-  
ment of the jet; the boundary value of the charac te r i s t i c  pa ramete r  is b ~- 0.27-0.3. 

2. In the case of a symmet r i c  discharge regime into a blind pass with a relative length :h = 1.5-7.6 
the initial section is absent in the plane jet, and the range of the jet does not exceed 1.0-1.5 of the nozzle 
width. 

3. The shape of the blind pass ,  its length, initial flow turbulence, Reynolds number,  and counte rpres -  
sure  at the exit of the blind pass do not have a substantial effect on the cha rac te r  of the flow in it in the in- 
vestigated range of values:  h = 1.5-7.6; b = 0.07-0.5; Re = 3 �9 103-105. 
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N O T A T I O N  

is the length of blind pass; 
is the width of blind pass; 
is the width of plane nozzle; 
is the cur ren t  length of blind pass reckoned from the nozzle end face; 
a re  the lengths of blind pass r e fe r red  to its width; 
is the axial velocity; 
is the initial discharge velocity of jet (at nozzle end face); 
is the axial velocity r e fe r red  to the initial discharge velocity of the jet; 
is the thickness of nozzle edge at end face; 
is the width of nozzle r e fe r red  to the effective width of the exit channels in the nozzle end 

face section; 
is the static p r e s su re  on the wall of the blind pass; 
is the p re s su re  at the cri t ical  point; 
is the a tmospher ic  p ressure ;  
is the Reynolds number calculated on the basis of the discharge velocity and hydraulic dia-  

mete r  of the plane nozzle; 
is the cur rent  length along pe r imete r  of blind pass reckoned from the cri t ical  point. 
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