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Universal  empir ical  formulas are  proposed for calculating, f rom the t ra jec tor ies ,  the atten- 
uation of velocity and t empera tu re  along the axis of a jet through a t r a n s v e r s e  s t r eam in a 
channel. 

Various devices with jet injection of a gas into a drifting s t r eam of a i r  or another gas have found 
many applications in modern  industry as, for example, mixing chambers ,  quenching baths, and gas bur-  
ne r s .  For the design and construct ion of such devices,  it is of immedia te  in teres t  to determine the heat 
and mass  t r ans fe r  between a jet a r r ay  and a t r a n s v e r s e  s t r eam in a channel. 

Available data make it possible,  with sufficient accuracy ,  to est imate the interaction zone between a 
jet a r r a y  and a s t r eam [1, 2] and to est imate  the mixing ra te  between a single jet and a t r ansve r se  s t r eam 
[3,4]. Meanwhile, there  a re  no calculation formulas  available which can be applied to the mixing of a jet 
a r r ay  with a t r a n s v e r s e  s t r eam.  

The heat and mass  t r ans fe r  between a jet a r r a y  and a s t r eam was studied on a test  stand where a 
uniform air  s t r eam could be produced in a rectangular  channel and where an a r r ay  of jets could be injected 
through the bottom. The s t r eam velocity of 8 m / s e e .  The apparatus and the measurements  have been 
descr ibed in detail ea r l i e r  [2]. The test  pa ramete r s  were var ied as follows: q~c from 4 to 36, s / d  e f rom 
2 to 23.7, and H/de f rom 11.6 to 40. 

Two flow modes will be analyzed here  on the basis  of tes t  data: jet development and jet merging.  

The f irs t  mode occurs  when the spacing between jets ~ is ra ther  wide (in our case  ~ > 3.5) and its 
charac te r i s t i c s  a re  near ly  those of a single jet .  With appropriate  modifications,  formulas  for a single jet 
can be used here .  The velocity axis of a jet a r r ay  is defined by the following equation: 
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conditions of jet development, (a) for V2t~/V 1 = 10, s = ~ (1), 16 
(2), 8 (3), 4 (4), (b) f o r V 2 # / V c = 6 ,  s = 2 3 . 7  (1), 8.1 (2), 4 (3). 
Solid line represents  values according to formula  (3). A = (V2m 
- -  V l sin~0)/V2tt, B = (V2m-- Vcsin~)/V2~.  
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Fig. 2. Attenuation of excess  t e m p e r a t u r e  (a) with ~ = 4: q~__c = 4 
(1), 15.9 (2), 36.3 (3), at tenuation of  excess  veloci ty  (b) with s = 2: 
V2~/Vc = 2 (1), 4 (2), along the jet  axis .  Solid l ine r e p r e s e n t  
values  according  to fo rmulas  (4) and (6) r e spec t ive ly .  B = (V2m 
. Vcsin~a)/V2~, C = (T2m-- Tc)/(T20--  To). 

o 43 + ~ 59 q :13 [ + ~ 59 :Z : 1 J.2 1 + 1,2 ,~o.4~ ' (I) 
q~tc ~c  

which indicates  that the depth of jet  penet ra t ion  d e c r e a s e s  as the re la t ive  jet  spacing becomes  n a r r o w e r .  
The "stream confinement  in a channel is  accounted for by the change f rom density Pl and veloci ty  V t of the 
oncoming s t r e a m  to densi ty Pc and veloci ty  V c of the m ~ r e  (in t e r m s  of the hydrodynamic  p a r a m e t e r ) .  

The r a t e  of heat  and m a s s  t r a n s f e r  between a jet  a r r a y  and a s t r e a m  is es t imated  f rom the at tenua-  
t ion of ve loci ty  and t e m p e r a t u r e  along the je t  axis .  The attenuation of excess  veloci ty  (V2m --  V 1 sing0)/V2/~ 
does not depend on the re la t ive  jet  spacing,  ne i ther  in the case  of a low jet  height in the channel (Fig. la ,  
with data f r o m  [1] appropr ia t e ly  converted) nor  in the case  of apprec iab le  congestion of je ts  at the channel 
p a s s a g e  sect ion.  In the l a t t e r  case ,  ve loci ty  V 1 mus t  be rep laced  by veloci ty  V c of the mix tu re  (Fig. lb).  
Thus,  the sought re la t ion  mus t  be of the fo rm 

V2m--Vesin(p f (  l P2 Vu, ) 
V2~ d e '  Pc '  Vc " (2) 

A spec i f ic  functional re la t ion  can be bor rowed  f rom the genera l iza t ions  per ta in ing  to a single jet .  
Using the re la t ion  in [3], we obtain 

Y~,~--Vcsin ~ 1 - -  exp [ - -  0"34q~~ - ] .  
v ~  = v%/poil~/d: J (3) 

Based on analogous cons idera t ions ,  we obtain a re la t ion  descr ib ing  the at tenuation of excess  t e m p e r a -  
t u r e  along the t e m p e r a t u r e  axis:  

T ,~ - -Tr  _ l _ e x p l  1,64 ] 
T".o- Te ]" PJPc (l~/de-- 1) TM ' (4) 

It is to be noted that  fo rmula  (3) approx ima tes  both our t e s t  data  and the data in [1], i . e . ,  i t  applies up to 
q# = 400. As to fo rmula  (4), the effect  of  q# on the r a t e  of t e m p e r a t u r e  at tenuation along the axis is  ve ry  
smal l  throughout our t es t  range  and r e m a i n s  quanti tat ively within the magni tude of m e a s u r e m e n t  e r r o r  
(Fig. 2a). For  this reason ,  the effect  of q# could not be d i sce rned .  At l a rge  values  of q#,  according  to 
the data in [1,4], i ts  effect  is m o r e  pronounced and fo rmula  (4) is  not appl icable  when q~ > 36. 

One mus t  bea r  in mind,  when using fo rmulas  (3) and (4), that  the peak veloci ty  and the peak t e m p e r -  
a ture  do not coincide,  owing to the effect  of adjacent  vor t ex  pa i r s  [2]. 

The second mode  occurs  when the r e l a t ive  spacing between je ts  is  na r row  G < 3.5). The m e r g e r  of 
je t s  nea r  the or i f ice  has  an apprec iab le  effect  on the c h a r a c t e r i s t i c s  of m a s s  t r a n s f e r  between jets  and 
s t r e a m ,  approaching those  of a plane jet .  

It is en t i re ly  val id to t r e a t  such a m e rg ing  je t  a r r a y  as some  equivalent plane je t  with the s a m e  c ross  
sect ion a r e a  and the s a m e  veloci ty  at the or i f ice .  On the other  hand, the confinement of the s t r e a m  can 
he re  also be accounted for  by a change f rom s t r e a m  p a r a m e t e r s  to mix tu re  p a r a m e t e r s .  With such a r ep -  
resenta t ion ,  it is poss ib le  to calcula te  the c h a r a c t e r i s t i c s  of a jet  a r r a y  by an appropr ia t e  modif icat ion of 
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formulas  pertaining to a plane jet. For  the velocity axis of such an a r ray  we have the equation 

x---- 0.24- (5) 

which indicates that, unlike in the first mode, the penetration depth increases as the jet spacing s becomes 
narrower. 

The velocity attenuation can be calculated by the formula 

V2m--V esinq~ = 1--exp - -  t . . . .  (6) 
V~ s lo J 

Calculations according to (6) are  compared in Fig. 2b with tes t  data for s = 2. 

It is to be noted that relat ions (5) and (6) are  applicable when up to 75% of the channel height (<0.75H) 
is covered with jets .  

In the jet development mode, therefore ,  the effect of s t ructura l  pa rame te r s  (jet spacing and channel 
height) on the heat and mass  t rans fe r  between a jet a r r ay  and a t r ansve r se  s t r eam in a channel is small .  
In the jet m e r g e r  mode, on the other hand, a na r rower  relat ive jet spacing slows down the mass  t r ans fe r  
between jets and s t r eam and a zone of circulat ing currents  is formed behind the jets .  
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NOTATION 

is the density; 
is the tempera ture ;  
is the velocity;  
is the jet d ischarge velocity; 
is the orif ice diameter;  
is the equivalent diameter ;  
is the d ischarge  coefficient; 
is the spacing between jets;  
~s the channel height; 
is the length of velocity wave; 
~s the length of t empera tu re  wave; 
a re  the longitudinal and t r a n s v e r s e  coordinates;  
is the hydrodynamic pa ramete r ;  
is the angle between y-ax is  and a tangent to the jet axis; 

S u b s c r i p t s  

1 
2 
e 
m 

r e f e r s  to oncoming s t ream;  
r e fe r s  to jet in the orifice;  
r e fe r s  to mixed flow; 
r e fe r s  to axis. 

i. 

2. 
3. 

4. 
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