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A study is made of heat  t r a n s f e r  f rom finned and smooth cyl inders  during impac t  s t reaml in ing  
by a i r  je ts .  Cr i t e r i a l  re la t ions  a r e  der ived for  calculat ing the heat  t r a n s f e r  in these  cases .  

Streamlining of a heat  exchanger  su r face  by  high-veloci ty  je ts  flowing no rma l ly  to the su r face  is at tended 
by an apprec iable  intensif icat ion of the heat  t r ans fe r .  This phenomenon can be explained by an e ros ion  of the 
l amina r  boundary l aye r  under  the impac t  of je ts  on the sur face ,  with a resul t ing d e c r e a s e  of the t he rma l  i m -  
pedance.  Another fac tor  contributing to intensif icat ion of the heat t r a n s f e r  is the apprec iab le  turbul izat ion of 
the boundary l aye r  caused by the p r e s s u r e  gradient  around the cyl inder  pe r iphery .  This phenomenon is  widely 
uti l ized in heat  exchangers .  The intensi ty  of heat  t r a n s f e r  depends on the geome t r i ca l  p a r a m e t e r s  of the con-  
vection sur face  and of the je t  forming or i f i ces ,  and also on the dis tance f r o m  the su r face  to the sc reen .  A con- 
vection su r face  is,  as  a rule,  a bundle of tubes.  There fo re ,  pinpointing the pecu l ia r i t i es  of heat  t r a n s f e r  f r o m  
a cyl inder  during i ts  impac t  s t reaml in ing  by a i r  je t s  will faci l i ta te  the opt imal  design of tubular  heat  exchanger  
sur faces .  

The heat t r a n s f e r  f r o m  a cyl inder  in the vicinity of the frontal  s tagnat ion point and the heat t r a n s f e r  f r o m  
a plate during the i r  s t reaml in ing  by  je t s  have a l ready  been studied [ 1-3].  The pla te  was a s s u m e d  to be  in a 
posi t ion pe rpend icu la r  to the s t r e a m .  Combining a cyl inder  and a plate  should produce  an efficient  convection 
sur face ,  one m o r e  in tensely  t ransmi t t ing  the rma l  fluxes during i ts  s t reaml in ing  by jets .  The mechan i sm of 
heat  t r a n s f e r  under  these  conditions has not yet  been explored adequately enough. This  study will deal with the 
heat  t r a n s f e r  f r o m  a finned cyl inder ,  i t s  fins or iented perpendicu la r ly  to the je ts ,  whereupon compar i sons  will 
be  made with the heat  t r a n s f e r  f r o m  a smooth cyl inder  [2] and f rom a pla te  [1, 31. During d i scha rge  of a f r ee  
je t  f r o m  an or i f ice  the re  takes  p lace  eject ion of the subs tance  occupying the ambien t  space  as this subs tance  
diffuses intothe jet.  The p a r a m e t e r s  of a turbulent  je t  can be evaluated on the bas i s  of the s ta t i s t i ca l  theory  of 
turbulent  diffusion [4]. F o r  a cha rac te r i za t ion  of the sca t te r ing  of pa r t i c l e s  around a s t ra igh t  t r a j e c t o r y  we 
introduce the concept  of d i spers ion  
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The solution to the equation of diffusion at  the boundary between a je t  and a quiescent  med ium is the 
veloci ty  

vo=Von 

The function II can be r e p r e s e n t e d  in the f o r m  

r ) .  (1) 
Era 

I] = 17 2 exp ~ 1  (2) 
0 

Inasmuch as i t  is  difficult to evaluate the d i spers ion  p rec i se ly ,  i t  will be expedient to calcula te  the je t  
cha r ac t e r i s t i c s  s em i em p i r i c a l l y .  The veloci ty  of an oncoming jet  can be found by the express ion  [2] 
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Fig. I. Dependence of NNu, o on NRe,o: J) smooth cylinder, 
2) mf = 2.24, 3) mf = 1.68; dependence of NNu, e r on 

NRe, er: 4) mf = 1.68, 5) mf = 2.24. 

Fig. 2. Dependence of NNu,d ~ on NRe,d0: 1) mf = 1.68, 2) 
mf = 2.24. 
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Aecord ing ly ,  one can ca lcu la te  the ve loc i ty  of an oncoming je t  e i the r  on the b a s i s  of e xp r e s s i on  (1), when rune- 
t ion II is  known as defined by r e l a t ion  (2),  o r  app rox ima te ly  on the b a s i s  of e x p r e s s i o n  (3). 

Expe r imen ta l  s tudies  were  made on the wind tunnel which had been d e s c r i b e d  e a r l i e r  [21. The ve ioc i ty  
of an oncoming je t  was m e a s u r e d  with a P rand t l  tube. The read ings  were  c o m p a r e d  with t heo re t i ca l  values  of 
the ve loe i ty  aeeord ing  to exp re s s ion  (3).  The e a l o r i m e t e r  cons i s ted  of a cy l inde r  with a hea t e r  ins ide ,  the 
l a t t e r  compr i s ing  a n i ch rome  coil  wound around an a s b e s t o s - c e m e n t  rod.  In o r d e r  to ensu re  a uni form tern-  
p e r a t u r e  f ield on the cy l inde r  sur face ,  the gap between the hea t e r  and the cy l inde r  was f i l led  with f i n e - d i s -  
p e r s e  quar tz  sand.  

The emf of the the rmoeoup les  was m e a s u r e d  with a Class  0.05 e Iec t ron ic  po ten t iomete r .  Bundles of j e t s  
with c i r c u l a r  c r o s s  sec t ion  were  fo rmed  by means  of s c r e e n s  with holes .  The spac ing  of these  holes ,  namely  
the pitch a, was a l so  v a r i e d  during the exper imen t .  

A p r e l i m i n a r y  e s t i m a t e  of heat  l o s s e s  y ie lded  7% of the c a l o r i m e t e r  power .  The heat  t r a n s f e r  coeff ic ient  
for  a cy l inder  was evaluated  by the c a l o r i m e t r i c  method. The t e s t  data  were  p r o c e s s e d  by the s t andard  

method of s t a t i s t i c a l  ave rag ing  and e r r o r  ca lcula t ion.  The e xpe r i m e n t a l  e r r o r  was 6%. 

The e r i t e r i a l  numbers  NNu and NRe were  gene ra l l y  r e f e r r e d  to the d i a m e t e r  of the holes  in the s c r e e n  
and the j e t  ve loc i ty  in the holes  as  c h a r a c t e r i s t i c  quant i t ies .  F o r  compar ing  the heat  t r a n s f e r  f rom a finned 
cy l inder  and f rom a smooth cy l inder  we r e f e r r e d  the heat  t r a n s f e r  coeff ic ients  to the cy l inde r  su r face  and to 
the total  su r face .  As the c h a r a c t e r i s t i c  d imens ion  was in this  case  s e l ec t ed  e i the r  the d i a m e t e r  d of the cy l in -  
de r  o r  the width of the cy l inde r  with fins.  

The dependence of the d imens ion l e s s  heat  t r a n s f e r  coeff ic ient  NNu on the Reynolds number  NRe is 
shown in Fig .  I in a l oga r i t hmic  anamorphos i s  for  smooth and finned c y l i nde r s ,  the l a t t e r  with a finning index 
mf = 1.68 and 2.24, r e s p e c t i v e l y .  

An ana lys i s  of the expe r imen t a l  data  has r e v e a l e d  that  the magni tude of the heat  t r a n s f e r  coeff ic ients  de -  
c r e a s e s  as the finning index i n c r e a s e s ,  i f  these  coeff ic ients  a r e  r e f e r r e d  to the to ta l  su r face .  When they a r e  
r e f e r r e d  to the tubular  su r face  alone,  however ,  then a no t iceable  in tens i f ica t ion  of the heat  t r a n s f e r  s eems  to 
occur  (Fig.  1). 

F o r  the purpose  of de t e rmin ing  the effect  of a j e t  on the heat  t r a n s f e r  f rom finned and smooth cy l inde r s ,  
t es t s  were  p e r f o r m e d  with s t r e a m l i n i n g  of these  cy l inde r s  under  condit ions of potent ia l  flow and by j e t s  r e -  
spec t ive ly  (NRe = idem,  V5 = 7 m / s e c ) .  

It has been d e m o n s t r a t e d  [11 on the bas i s  of Buckingham's  g - t h e o r e m  that  the heat  t r a n s f e r  f rom a 
p la te  during its s t r e a m l i n i n g  by je t s  no rma l  to the su r face  depends on the r a t i o s  5/d 0 and a / d  o as well as  on 

the Reynolds number  NRe,d 0. 
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Fig. 3. Dependence of tpOn a/do: 1) mf = 
1.68, 2) mf = 2.24. 

For  the purpose of determining the role of the Reynolds number  NRe, d~, tests  were per formed with in- 
variable geometr ical  pa ramete r s  and with a variable velocity W 0. The tes t  data were then processed  in a 
logari thmic anamorphosis  (Fig. 2). An analysis of the resul ts  has revealed  that the Nusselt  number NNu,d 0 is 
proportional to NRe,d 0 0.74. 

Tests have also confirmed the resul ts  of that other study [ 1] pertaining to the dependence of the heat 
t ransfer  on the ratio 5/d 0. An analysis of p rocessed  experimental  data indicates that the Nusselt  number 
NNu,d ~ is proport ional  to (5/d0) ~ 

Experimental  data on the heat t ransfer  f rom a finned cyl inder  with the spacing of holes in the screen  
varied and with all other pa ramete r s  fixed are  shown in Fig. 3. These data have been p rocessed  in the coordi -  
nates 

NNu, ~ __ a/d O 
q b ~  ((~/do) 0"09 N 0"74 

Re, d o 

and the resul ts  indicate that the heat t r ans fe r  coefficients a re  inverse ly  propor t ional  to the ratio a / d  0. 

The resul ts  of test stand experiments with finned tubes can be genera l ized  by the c r i te r ia l  relation 
0.74_ 0-33 NNu, do: 0,11 (6/do) ~176 (a/do)--~ do Npr . (4) 

The finning index was mf = 1.68 in these tests.  As the finning index is inc reased  to mf  = 2.24, the heat t r ans fe r  
diminishes and the cr i t ical  relat ion becomes 

NNu ' do : (~094 (a/do) -~  (8/do) ~ o 9N~" do o. z~NprO. 33. (5) 

Tests were per formed with the finning index up to mf = 5. An analysis  of the resu l t s  has revealed that as the 
finning index mf is increased,  the coefficient in the c r i t e r t a l  re la t ion dec reases  proport ional ly to mf ~ 

The results  of this s tudywere  compared with those of s tudy [3] on s t reaml in ing  of blunt bodies by jets (inter- 
mediate- intensi ty heat t r ans fe r ) .  Since the Reynolds number  NRe, o in the c r i t e r i a l  relat ions there [31 had 
been re fe r red  to the width of the plate and the str iking velocity at the je t  axis,  we recalculated the velocity 
here  according to relation (3). The compar ison revealed a d i sc repancy  of not more  than 10% for the tes t  with 
a / d  o = 13.5, 5/d 0 = 1.63, and w 0 = 27.7 m/ sec .  This d iscrepancy  is due to the l imited applicability of the c r i -  
ter ial  relations in [3] within the ranges 2 _< 5/d o _< 8 and 15 _< a / d  o ._<_ 60 only, so that the values of these two 
rat ios  in this study a re  smal le r  than the respect ive  l imit  values Of h and ~ in [3]. 

Therefore,  for calculating the in termediate- intensi ty  heat t r ans fe r  f rom blunt bodies with a / d  o < 15 and 
6/d 0 < 2 one can recommend the cr i te r ia l  relat ions (4) and (5). 

This evaluation of the dependence on the geometr ica l  p a r a m e t e r s  has made it possible to determine the 
optimum design dimensions of a convection surface consist ing of finned cyl inders .  The construct ion of such a 
heat exchanger surface has been already descr ibed [5]. It consis ts  of a bundle of tubes jointed by two rows of 
perforated continuous fins. The f i rs t  row of fins acts as a s c reen  which fo rms  jets  and at the second row of 
fins is impacted by these jets.  A construct ion with a / d  o >_ 15 and 5/d  o -> 2 is feasible.  

N O T A T I O N  

~, a Car tes ian coordinate; ~ ,  dispersion of turbulent t r a n s v e r s e  deviation of jet  volume; 5, distance 
f rom a hole in the screen  to the plate (cylinder) ; r, jet  radius; D, diffusion coefficient; e, intensity of turbu-  
lence; I0, z e ro th -o rde r  Bessel function of an imaginary  argument;  a,  spacing (pitch) of holes in the screen;  do, 
initial jet diameter;  mf, finning index; b, plate width; ~t, dimensionless  dis tance f rom the jet source  to the 

370 



plate; V0, je t  veloci ty  at a hole; V6, j e t  ve loc i ty  at  d is tance  5 f r o m  the source;  y2, d ispers ion;  NNu, Nusse l t  
number;  NRe, Reynolds number ;  and N p r ,  P rand t l  number .  
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A CIRCULAR 

CROSSFLOW 

T U R B U L E N T  J E T  I N  A 

Y u .  P .  V y a z o v s k i i ,  V.  A .  G o l u b e v ,  UDC 532.525.2 
a n d  V.  F .  K l i m k i n  

An in tegra l  method is p roposed  fo r  calcula t ing a c i r cu l a r  turbulent  jet  propagat ing in a c r o s s -  
flow. The je t  p a r a m e t e r s  obtained by a n u m e r i c a l  method for  d i f ferent  values  of q were  c o m -  
pared  with exper imen ta l  data.  Sa t i s fac to ry  a g r e e m e n t  between the se ts  of data was found. 

The in terac t ion  and mixing of j e t s  with a c ross f low is a complex fo rm of je t  flow, and the study of the 
propagat ion  of such je ts  is impor t an t  for  planning and designing equipment  and devices  in which mixing takes  
place.  Severa l  works by fore ign and domes t i c  authors  have been devoted to the theore t ica l  [1-5] and e x p e r i -  
menta l  [6-13] study of the laws of mixing and p ropaga t ion  of turbulent  je t s  in a crossf low.  As a rule ,  the theo-  
re t ica l  s tudies [ 1-5] a r e  based  on in t eg ra l  methods ,  a s s u m e  an i n c r e a s e  in je t  width, and make  var ious  other  
assumpt ions  regard ing  the conditions of m o m e n t u m  conservat ion .  Most of the invest igat ions have focused on 
de termining  the jet  axis ,  and only ce r t a in  s tudies  have examined laws of change in width, axial  velocity,  ap-  
paren t  additional m a s s ,  and o ther  p a r a m e t e r s .  

It  was shown in [ 5] that a je t  p ropaga t ing  in a e ross f low does not p o s s e s s  the p rope r ty  of s imil i tude.  This 
is evidenced f i r s t  of all  by the fac t  that,  in the cons t ruc t ion  of l ines of equal velocity,  the c ro s s  sect ions  of the 
jet  change f r o m  a c i r cu l a r  to a h o r s e s h o e  shape.  Such a change in je t  development  along i ts  length leads to 
p rob l ems  in analyt ical ly  desc r ib ing  p ro f i l e s  of  veloci ty ,  t empe ra tu r e ,  and concentra t ion  in its c r o s s  sect ions.  
In connection with this,  i t  was p roposed  in [ 11] that  the jet  flow region be broken  down into th ree  sect ions ,  
within each of which the flow could be  a s s u m e d  to p o s s e s s  the p rope r ty  of s imil i tude.  Meanwhile, according to 
the data in [ 11], the de te rmin ing  change in the  c r o s s - s e c t i o n a l  shape of the je t  occurs  in the ini t ial  sect ion.  
However ,  this was not conf i rmed  by the e x p e r i m e n t  in [7].  In the p re sen t  work,  we a t tempt  to analyt ical ly  de-  
t e rmine  the above je t  p a r a m e t e r s  within a b r o a d  range  of values  of the hydrodynamic  p a r a m e t e r  ~ (4 ~ q  _ 
400). The method of calculat ion is  ba sed  on s e v e r a l  a ssumpt ions :  the je t  axis is the locus of the points where  
the veloci ty  for  each sect ion no rm a l  to the d i rec t ion  of the jet  is maximal ;  the je t  is bounded by the sur face  on 
which the excess  veloci ty  in the d i rec t ion  of the axis  d e c r e a s e s  to l e s s  than a specif ied low value. 
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