
uniform deformation of the drop-size spectrum, but without any very definite extremum in the drop-size dis- 
tribution, depending on the gas velocity and being less noticeable with distance from the film surface. 

The mean drop sizes for all the liquids studied are shown in Fig. 4 as a function of the gas velocity. 
The dependence of the mean drop size on the gas velocity is weaker for high-viscosity liquids than for low- 
viscosity liquids, where the mean drop size of the glycerin solutions is almost the same as for alcohol at 
low gas velocities. 

In the case of a viscous liquid, thinner jets are formed and the drops obtained during dissociation of 
these jets will be finer. For low-viscosity liquids, the spray and secondary breakup of detached drops in 
the boundary layer intensify with the increase in gas velocity. The strong dependence of the mean drop size 
of a low-viscosity liquid on the gas velocity is evidently due to this. Hence, the drop sizes of a viscous liquid 
vary slightly with the increase in velocity, and the drops of a low-viscosity liquid turn out to be finer at rel- 
atively high gas velocities than for a high-viscosity liquid. 

NOTATION 

d, diameter; a, characteristic geometric size; A, wave amplitude; hA, number of waves in the inter- 
val ~A; ndD , number of drops in an interval AdD; u, velocity; T, time; u, coefficient of kinematic vis- 
cosity; p, density; ~, coefficient of surface tension. 
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PROBLEM OF DESCRIBING THE FLOW 

AN INJECTOR MIXING CHAMBER 

V .  F. Irodov 

FIE LD IN 

UDC 536.248.2:621.176 

The use of a three-component flow model is proposed. The results of numerical calcula- 
tions are presented and compared with the experimental results. 

In o rder  to desc r ibe  the one-d imens iona l  flow field in the mixing chambe r  of a condensing injector ,  
the model  of a continuous liquid jet has  been used [1, 2], where  it was  supposed that the jet of liquid issuing 
f r o m  the liquid nozzle  is not d is in tegra ted ,  but r e m a i n s  comple te  in the ent i re  pa r t  of the mixing chamber  
invest igated.  The numer ica l  ca lcula t ions ,  c a r r i e d  out on the bas i s  of this model ,  have provided s a t i s -  
fac tory  a g r e e m e n t  with e x p e r i m e n t  only in the case  of h e a t - t r a n s f e r  -coefficients f r o m  vapor  to liquid which 
a r e  o r d e r s  of magnitude higher  than the wel l -known values  for f i lm condensation. The la t t e r  means  that  
the continuous l iquid- je t  model s ignif icant ly r educes  the su r face  of in teract ion of the phases .  Since, in 
fac t ,  a s ignif icant  a tomiza t ion  of the liquid jet a l m o s t  a lways is obse rved ,  it will be advantageous to r e v e r t  
to flow models  where  a tomizat ion  is taken into account.  
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F i g .  I .  Var i a t i on  of s ta t ic  p r e s s u r e  (P01 = 1.54 bar)  (a) 
and  of M a t h  number  of the vapo r  phase  (b): 1) ca lcu la t ion ;  
2) e x p e r i m e n t  [2], z ,  m m .  

In [3], a mode l  of  cont inuous  a t om i z a t i on  of  a l iquid jet was  p roposed ,  ba sed  on exper imen ta l  i nves t i -  
ga t ions  [4-6];  h e r e  a model  of  t w o - c o m p o n e n t  flow has  been  used - vapor  and l iquid;  the re  was  no d i f f e r -  
en t ia t ion  mode  be tween the p a r a m e t e r s  of  the l iquid in the mixing  zone and those  in the c o r e  of the l iquid 
jet .  More  s t r i c t l y ,  the p a r a m e t e r s  of the l iquid phase  in the c o r e  and those of the l iquid phase  in the m i x -  
ing  zone w e r e  uncondi t iona l ly  d i f fe ren t i a ted ,  which is done a l so  below. 

We s h a h  a s s u m e  the  fol lowing:  

a) The f low field c a n  be divided a r b i t r a r i l y  into the " c o r e  r of  the flow of  liquid - a cont inuous  liquid 
jet - and the "mix ing  zone n - the r e g i o n  of two-phase  d i s p e r s i o n - d r o p l e t  f low; 

b) cont inuous  a tomiza t ion  of the c o r e  of the l iquid jet  and en t r a inmen t  of the d rops  in the mix ing  zone 

take p lace .  

We shal l  a s s u m e  the flow to be s teady  and one -d imens iona l .  We shal l  d is t inguish  th ree  componen t  
f lows ,  des igna t ing  t h e m  by the fol lowing s u b s c r i p t s :  1 - the vapo r  phase ;  2 - the l iquid in the c o r e ;  and 
3 - the l iquid in the mix ing  zone.  We shal l  suppose  that  these  componen t s  a r e  cont inuous ly  d i s t r ibu ted  
a long  the length and that  the i r  p a r a m e t e r s  a r e  d i f fe ren t iab le  funct ions .  It  is poss ib le  that  the v i scos i ty  
and t h e r m a l  conduct iv i ty  a r e  s ign i f ican t  only in p h a s e - i n t e r a c t i o n  p r o c e s s e s .  

Using the me thods  of  con t inuum m e c h a n i c s  for  two-phase  flows [7, 8], the flow being cons ide red  (in 
the r e g i o n  which  does  not conta in  d i scon t inu i t i es )  is  d e s e r i b e d b y t h e  s y s t e m  of equa t ions  of c o n s e r v a t i o n :  

1 d 
- -  ( O l w f )  = - -  g n  - -  g ~ ,  ( 1 )  

F dz 

d (p~sF) = gt2--gsa, (2) 1 

F dz 

I d 

F dz 

dw I dp 
- -  = ~ 0 ~  1 - -  PlWl dz dz 

dw~ dp 
- -  ( Z  2 - - ~  p2w~ dz dz 

dw3 _ aa _dp 
& 

P~Wa dz dz 

d ( 2 )  ( 
plwi ~ i t q - ~  = - - g l 2  il~--il-q- 

- -  (P3W3 F) = gla q- g~, 

+ g12 (~12 - -  W2) - -  g23 (W23 - -  W2)' 

2 -  g13 (W13 - -  W3) -~ g23 (~'q)'23 - -  W$) -~- f ,  

2 2 

) ( 2) ( o 3-o ) d ( w~ w f ~ - - ~  . , 
P z W z  --dz-- i2 + 2 = g12 ilz - -  i2 + 2 - -  g23 z23 - -  i2 + 2 

\ 

103W3 ~ i3 + = g13 i13 - -  i 3  "q- WI3 2 W3 -~- g~a is3 - -  i3 + 2 4-, A 3 -~ q. 

(3) 

(4) 

(5) 

(6) 

(7) 

(s) 

(9) 

T h e r e  a r e  a l so  the equat ions  of s ta te  of the p h a s e s  

p = Rip ~ T1; p0 2 = p0 = consi, (10)-0-2) 
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Fig.  2. Var i a t ion  of t e m p e r a t u r e  of c o m p o -  
nents  (a) and change  of ve loc i ty  of componen t s  
(b): 1) v a p o r  phase ;  2) l iquid in c o r e  of j e t s ;  3) 
l iquid in mixing zone ;  w,  m / s e e  ; z ,  ram. 

and a l so  

r -}- cq + % = 1. (13) 

If the r i g h t - h a n d  s ides  of Eqs .  (1)-(9) a r e  e x p r e s s e d  in t e r m s  of the flow p a r a m e t e r s ,  then s y s t e m  
(1)-(13) can  be so lved  by one of the n u m e r i c a l  me thods .  If  the p r inc ipa l  de t e rminan t  of s y s t e m  (1)-(13) is 
nonvan ish ing  in the r eg ion  being inves t iga ted ,  then the r e q u i r e d  solut ion will  be unambiguous  and will  be 
found by d i r e c t  n u m e r i c a l  in tegra t ion .  Equat ing  to z e r o  the p r inc ipa l  de t e rminan t  of s y s t e m  (1)-(12), we 
obtain  

A o -~ -~ a~) - -  ,~o ~o,2 a2 a a + r 2 =0.  (14) 

Since p~(c~ 2 + o~3)/(p~ << 1, it fol lows f r o m  Eq. (14) tha t  w~ ~ 4 -  If in the r e g i o n  being c o n s i d e r e d  
(f rom the mix ing  c h a m b e r  inlet  to the d iscont inui ty  in the in jec tor)  the re  is a s t r i c t l y  supe r son ic  flow of 
v a p o r ,  then the re  is no point  zx = 0. 

The  n u m e r i c a l  solut ion has been c a r r i e d  out,  with accoun t  taken of condensa t ion ,  only in the mixing 
zone ;  condensa t ion  on the s u r f a c e  of the jet  was  neg l ec t ed  in view of the ins igni f icance  of the jet su r f ace  in 
c o m p a r i s o n  with the su r f a c e  of s epa ra t i on  of  the phase s  in the mixing  zone.  The  flow dens i ty  of the c o n -  
dens ing  subs tance  was  d e t e r m i n e d  by the r e l a t i o n  [9] 

2 ~  -(2a TO ' '2 ( 2 ~ j '  (15) g~-- 2 - - ~  

w h e r e  the coef f ic ien t  of condensa t ion  fl was  a s s u m e d  to be equal to unity on the bas i s  of. [10]. 

in accordance with [3], the interaction of the phases f and q, not associated with mass transfer, was 

neglected. 2:he parameters of the masses being transferred were assumed to be as follows: 

The system of basis equations is simplified and assumes the form 

1 d 1 d--d-- (p~w~F) = - -  g~; - -  (O.~w~F) = --g~.~; 
F d z  F de  

O~ w l  

1 

F 

d w l  _ 

dz  

dr.~ 3 
p 3 ~ 3  ~ - -  rA 3 - -  - -  

dz 

d 
(93w3 F) = gl~ § g23; & 

dw~ _ d p  
l:~d, . OO w2 . 

dz  ' - dz  dz  ; 

dp  i gl3 (~-'18 - -  w3) ~ g23 (~2~ - -  w3); 
dz  

d z  
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d ( ~_~__~ ) (. . ~--m~)_~g23(4 8 i~ m~3 -m~) P 3 m ~  4 §  = g 1 3  h 3 - - ~ - F  m~3 - -  " 2 2 ~ (16) 

From this last system, with account taken of the relation i 3 = u 3 + p/p~ we obtain the following: u~ = 
const and T 3 = eonst. This would also be expected with the assumed simplification. 

In order to describe g2~, the empirical relation from [1] was used, defining the length of the complete 
atomization of the liquid jet in the mixing chamber: 

( m~wr I - ~  ' 
/c = 0.0927 - - -  (17) 

\ r n ~  / 

which is ve r i f i ed  in the reg ion  1 < (mlwl) / (m~w ~) -< 8. B y v a r y i n g t h e  inlet t e m p e r a t u r e  of the liquid in [1]. 
it was  found that the effect  of the intensi ty of condensat ion on the dis integrat ion of the liquid jet  is insignif i -  
c a n t .  

The  inclusion of Eq. (17) a l lows a di f ferent  na ture  of change of the t r a n s v e r s e  sect ion of the jet f rom 
the inlet  s ize  down to ze ro  for  z = l c .  I t  was  a s s u m e d  for the numer ica l  calculat ion that the d i ame te r  of the 
core  of the liquid jet  changes  l inea r ly  in the sect ion [0, /c]-  

The  flow in the mixing zone was a s s u m e d  to be monodispersed .  The closing components  a s s u m e  the 

f o r m  

I gm= g~$13; $1~ = n~62; a~ . . . .  nn68; 
6 

( 1 8 )  
p0 (w, - w~) ~ 6 

=Wecr. 

The  c r i t i ca l  value of the Weber  number  was a s sumed  to be equal to 14, which is one of its popular  

va lues .  

A c o m p a r i s o n  with expe r imen t  was c a r r i e d  out for  a mixing chambe r  of constant  c r o s s  sect ion [2]. 

F igure  l a ,  b shows the ca lcula ted  values  of the stat ic  p r e s s u r e  and Mach numbers  of the vapor  phase,  
c o m p a r e d  with the exper imenta l  va lues  f r o m  [2]. The changes of the p a r a m e t e r s  a re  given he re  r ight  up 

to the s ta t ic  p r e s s u r e  reach ing  a s tabi l ized value. 

F igure  2a shows the ca lcula ted  values  of the t e m p e r a t u r e s  of the vapor  and liquid in the mixing zone, 
and Fig.  2b shows the change of ve loc i ty  of the components .  The veloci ty  and t empera tu re  of the drops  do 
not v a r y  monotonical ly:  f i r s t  of al l ,  an intense inc rease  of these p a r a m e t e r s  is observed ,  which then de -  
c l ines ,  changing to a d e c r e a s e  with subsequent  a r r i v a l  at  s tabi l ized values .  This  nature  of behavior  of the 
ve loc i ty  and t e m p e r a t u r e  of the drops  can be explained in the following way. The drople ts ,  s epa ra ted  f rom 
the co re  of the liquid jet ,  a r e  intensely a c c e l e r a t e d  and a r e  heated up by the vapor :  the drople ts  a re  very  
s m a l l ,  with a s ize  of the o rde r  of tens of mic ron ;  t he re fo re ,  t r an s f e r  p r o c e s s e s  p roceed  intensively.  But 
in the mixing zone,  all  the l a rge  and lower -ve loc i ty ,  co lder  drople ts  f rom the core  a re  a tomized,  which 
leads  to a reduct ion of the ave rage  ve loc i ty  and h~mperature  of the liquid in the mixing zone. 

The a g r e e m e n t  between calculat ion and expe r imen t  in this case  can be a s sumed  to be sa t i s fac tory .  
If  n e c e s s a r y ,  the calcula t ion can be re f ined  by taking account  of condensat ion at  the su r face  of the jet. 

NOTATION 

p0, true density of the j-th component; ~j, volumetric content of the j-th component; pj, average den- 
~it~' ~'J= c~ "~0''- n,  s ta t ic  p r e s s u r e ;  w, ve loc i ty ;  T ,  absolute  t e m p e r a t u r e ;  a i ,  ve loci ty  of sound in t h e v a p o r  
~.* J '  ~ .  3~J ' f  . . . .  ~ . . . .  , . ~  nf . . . . .  ~. ~ ~necific enthaluv; u, internal  energy;  f, q, gij, s t rengths  oi 
~" " �9 ~. ~" ' ....... , -'-* .... +~on and heat and mass transfer from the i-tn componem ~o m~ 
distribu~ect sources  oI mecnamc~ m~=~ 
j-th component, respectively; iij, wij, parameters of transferred masses ; A j, terms reflecting the distri- 
bution of dissipated mechanical energy; F, cross-sectional area of channel; z, longitudinal coordinate ; m, 
mass flow rate per sec ; Peq(T3), equilibrium pressure with respect to temperature of the liquid; 5, di- 
ameter of drop; a, surface tension of liquid phase; n, concentratio n of drops. 
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M E A S U R E M E N T  O F  G A S - F L O W  T E M P E R A T U R E S  

BY T W O  T H E R M O C O U P L E S  

V. I. Men'shikov UDC 536.532:533.6.011 

A method for  de te rmina t ion  of the t rue  t e m p e r a t u r e  of a gas flow by two the rmocoup les  is  
p roposed .  Resu l t s  of an exper imenta l  ver i f ica t ion  a re  p resen ted .  

To reduce errors in measurement of gas-flow temperatures, either a thermoeouple with very fine 
conductors (0.05 mm) or several thermoeouples with conductors of different diameter are used [I]. Below, 
we offer a more accurate method of measurement with two thermoeouples. 

Let the hot junction of the thermocouple have the shape of a sphere with diameter d and with a con- 
ductor  d i a m e t e r  equal to 2r .  The two meta l s  o r  al loys forming  the thermocouple  junction have coeff icients  
of t h e r m a l  conductivi ty X 1 and ~2, respec t ive ly .  We a s s u m e  that  the conductors  a r e  located in an insulat ing 
medium of th ickness  6, with coeff icient  of t h e r m a l  conductivity ~3. 

Upon p lacement  of the thermocouple  junction in a h igh - t empe ra tu r e  gas flow it will be heated by con-  
vec t ive  heat  t r a n s f e r .  At the s ame  t ime ,  the junction will be cooled by loss  of heat  through radia t ion and 
the rma l  conductivity of the f ree  ends of the thermoeouple .  Obviously,  for the s teady s ta te  

Pc ~ Pr + Pt, (1) 

where Pc is the power conveyed to the junction by convective heat transfer; Pr is the power lost by the 
junction through radiation; and Pt is the power lost through thermal conductivity. 

The power supplied by convective heat transfer is determined by Newton's formula 

Pc = ~1 ( rg  - T~) S,  _ (2) 

where  ~l is the coeff icient  of convect ive  heat  l ibera t ion;  Tg  is the t e m p e r a t u r e  of the gas flow, ~ T t is 
the junction t e m p e r a t u r e ,  accord ing  to i ts  ca l ibra t ion ,  ~ and S, is the a r e a  of the hea t -exchange  sur face ,  
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