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This is the f i rs t  study concerning the effect of an e lec t romagnet ic  field at a 650 kHz frequency on the 
heat t r ans fe r  during natural  convection of water ,  acetone, benzene, and t r a n s f o r m e r  oil. 

Tests  were  pe r fo rmed  in a vessel  typically used for studying the heat  t ransfer  during natural  con-  
vection. The heaters  were  copper,  chrome-pla ted  copper,  and b ra s s  tubes 6 mm in d iameter  and 260 mm 
long. A tube was energized with h igh-f requency e lec t r ic  current  so that an e lect romagnet ic  field appeared 
around it. 

It has been established, as a resul t ,  that the hea t - t r ans fe r  rate increases  appreciably  in a h igh- f re -  
quency field. For  water  at 17~ for  example, the hea t - t r ans fe r  coefficient is 2.2 t imes higher in an e lec -  
t r i c  field (c~ E) than without a field (so). As the heat load q is increased,  both a E  and c~ 0 increase ,  but 
their  rat io a E / s  0 is a lmost  independent of q. As the t empera tu re  of the fluid r i ses ,  the rat io OZE/a 0 de-  
c reases  for water ,  acetone, and benzene (Fig. 1). 

A smal le r  increase in the hea t - t r ans fe r  ra te  was noted in tes ts  with the b ras s  tube. This could be 
explained by the lower intensities of the e lec t r ic  field E and the magnetic field H at  the sur face  of the b rass  
tube than at the sur face  of the copper tube under equal heat loads.  

It is to be noted that a h igh-frequency e lec t romagnet ic  field even of a moderate  intensity (in this 
case E of the o rder  of 5.103 V / m  and H of the order  of 5.103 A / m )  has a s t rong boosting effect on the 
heat t ransfer  during natural  convection of a fluid. According to the data obtained by other  authors ,  ap-  
proximate ly  the same  increase  in tow-frequency e lec t r ic  fields requires  an intensity E of the order  of 
5 �9 10 5 V/m. 

The increased rate of heat transfer in a high-frequency field may be due to electromagnetic forces 
acting on the thermal boundary layer and due to changed thermophysical properties of the fluid when in a 

field. 
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Fig. i. Ratio aE/C~0 as a function of the t empera tu re  for (a) a 
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copper tube and (b) a b rass  tube: 1) acetone; 2) benzene; 3) wa-  
ter .  

Trans la ted  f rom Inzhenerno-Fiz icheski i  Zhurnal,  Vol. 24, No. 1, pp. 160-165, January,  1973. 
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An es t ima te  of these  fo rces  has shown that they a r e  s m a l l e r  than the fo rces  due to na tura l  g rav i ty  
convection. Unlike the gravi ta t ional  fo rces ,  however ,  these  fo rces  a l t e rna te  at  double the field f requency.  

The poss ib i l i ty  that  the the rmophys ica l  p r o p e r t i e s  of a fluid may change in a field has been hinted at 
in [1], where  the authors  speculated about a s t ruc tu ra l  t r ans fo rma t ion  of water  in a h igh- f requency  field. 

The effect  of a field on the heat  t r a n s f e r  can be accounted for by introducing into the conventional 
c r i t e r i a l  equation the effect ive the rmophys ica l  coeff icients  for  wa te r  in a field. 

An evaluation of t e s t  data in these  t e r m s  has yielded a re la t ion  for  the complex of effect ive t h e r m o -  
phys ica l  p r o p e r t i e s  of a fluid in a field, as functions of the heat  load and of the potential  d i f ference  be -  
tween tube and ves se l  wall.  
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H I G H - V O L T A G E  S t ) A R K  D I S C H A R G E S  T H R O U G H  A T U B E  

G.  A.  A k s e l ' r u d ,  A.  D.  M o l c h a n o v ,  UDC 621.9.044 
I .  N .  F i k t i s t o v ,  a n d  V.  1). K o s y k  

The feas ibi l i ty  of a cce l e r a t i ng  the p r o c e s s  of ex terna l  mass  t r a n s f e r  by means of s p a r k  d i scharges  
has  been demons t ra t ed  in [1]. Inasmuch as dissolut ion p r o c e s s e s  on an industrial  sca le  a r e  r ea l i zed  mos t  
economica l ly  in tubular  appara tus  [2], the kinet ics  of dissolut ion in a tubular  appara tus  under spa rk  d i s -  
cha rges  were  studied h e r e  both theore t i ca l ly  and exper imenta l ly .  

Solving the hydrodynamic  p rob l em  of fluid flow osci l la t ions  exci ted by s p a r k  d i scharges  through a 
tube leads  to the following exp res s  ion for the cr i t ica l  Reynolds number .  

Re~= Eo~do (1) 
PoFv 

The kinetics of  dissolut ion of KNO 3 sa l t  spec imens  held in p lace  was studied in a tubular  appara tus  
32 m m  in d i a m e t e r ,  and the dissolut ion of gypsum powder was studied in a r ec t angu la r  appara tus  40 • 40 
ram in c ro s s  sect ion.  The schemat i c  d i ag ram of the appara tus  and the t e s t  p rocedu re  had been shown 
e a r l i e r  [31. An evaluation of the t e s t  data  has yielded the following c r i t i ca l  equations of dissolution kinetics 
under  s p a r k  d i scha rges :  

1. With spa rk  d i scha rges  in a s t a t iona ry  fluid (W F = 0): 

NUD=3.4 V'R-~M ~-21 �9 (2) 

This  re la t ion  fits t e s t  data  within the r anges  3600 < Re M < 67,600 and E / F  = 6-23 J / c m  2, with 
F = 9.1 cm z, t) 0 = (0.5-3.65) .10 ~ N / m  2, and 1)r D = 720. 

2. With s p a r k  d i scha rges  in a s teady s t r e a m  of fluid (W F ~ 0): 

1 /  /~o~ (3) NUD-NU0 ~/1.02~-27.2 poFw F �9 

This re la t ion  fits t e s t  data  within the ranges  0.015 < Ew/1)0FW F < 0.26, 730 < Re 0 = W F d 0 / v  
< 12,500, and W F = 6.4-109 c m / s e c ,  with E = 55 J, P r  D = 720, and 1) 0 = 105 N / m  2. 

Original  a r t i c l e  submi t ted  March  9, 1972; a b s t r a c t  submit ted  May 25, 1972. 
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In the case  of gypsum powder  d issolving in dis t i l led water  in a suspension bed inside a tubular  a p -  
pa ra tu s ,  the kinet ics  of the p r o c e s s  is desc r ibed  by the re la t ion 

/ -  
- E~o 

NUD=NU o V 0 . 9  + 40 p~fW S , (4) 

valid within the ranges  0.02 < Ew/PoFW S < 0.017 and E = 20-50 J ,  with PG = 10s N/m2,  WS = 7.5 c m / s e c ,  
and d o = 1.0-1.5 ram. 

Nu D, Nu0 

Pr D 
Re M 
E 
02 

do 
Po 
F 
/J 

T 

WF 
W8 

NOTATION 

a re  the Nusse l t  diffusion n u m b e r s ,  under spa rk  d i scharges  and without spa rk  d i scha rges ,  r e -  
spec t ive ly ;  
ts the Prandt l  diffusion number ;  
ts the modified Reynolds number ;  
ts the energy  of charged capaci tor ;  
ts the f requency  of d i scha rges ;  
is the d i a m e t e r  of solid pa r t i c l e s ;  
is the external  p r e s s u r e  above the liquid; 
ts the c r o s s - s e c t i o n  a r e a  of the tube; 
~s the k inemat ic  viscosi ty;  
is the per iod of p l a s m a  cavi ty  pulsat ions;  
is the veloci ty  of s teady  fluid s t r e a m ;  
ts the ve loc i ty  of suspension.  

I ,  

2. 

3. 
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E V A P O R A T I O N  O F  A L I Q U I D  IN A H I G H - T E M P E R A T U R E  

GAS S T R E A M  

A .  L .  S u r i s  UDC 536.423.1 

The equation of evapora t ion  for  a single d rop le t  in a h i g h - t e m p e r a t u r e  gas s t r e a m  can be wri t ten as 
follows: 

dGd ~" in[l-:-Cv(T--ts) (1) 
d--; :-4 p C v  " 

Retaining only the f i r s t  t e r m  of the s e r i e s  expansion 

, (x-ll  . . . .  ] (2) 

Original  a r t i c l e  submit ted  March24 ,  1972; a b s t r a c t  submit ted  July 10, 1972. 
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using the re la t ion for  a monodisperse  sys tem where  the densi ty of the solution var ies  with t ime 

we t r a n s f o r m  (1) into 

where  

"gL + (~?s--Y L) . ~ p /  

GG T R* R* 

6G C~m.. k C ~ r n  C~,~ g 
G O CT~ CT. G~ ~ c~h 

(2) 

dx, - -  (u -j, hg) ~ g+ YL / ' 

( R,) 
' 0o Cr.  ' C ~ n  ] ' v m  6o c r ~  ; 

�9 Gm G m  
R, (cT c~m~ 

~_ ( ~ 1 ',~ "~o~L; ~= ~ ~-o- ~ - y = - , ,  ~m + ~ 
--  \ ~ - ' ~  / 6~ 0 o Gin 

R* C~rn h:--R. C~/m; R.=R*+C~/n-[s=R+CL(Zs--trr}, 
v =  cg--~m +~,-U:-.-' 

' Grn Gm 

Here  G, G O a r e  the weight ra tes  of liquid flow at any apparatus section and at the inlet, respect ively;  Gd, 
G~ a r e  the instantaneous mass and the initial mass of a droplet ,  respezt ively;  T iS t ime;  p, P0 a re  the radi i  
of a liquid drople t  sur face  at any instant and at the f i r s t  instant of t ime; T,  T O a re  the instantaneous and the 
initial t empera tu re  of the v a p o r - g a s  mixture;  ts ,  t m a r e  the sur face  t empera tu re  and the mean t e m p e r a -  
tu re  of a droplet ;  X is the the rmal  conductivity of the v a p o r - g a s  mixture;  C T Gm, C T~ CTm, C t m  are  
the mean speci f ic  heat  of the gas and of the vapor,  respec t ive ly ,  within t empera tu re  intervals  f rom s tan-  
dard  to T,  TO, and t s,  respect ive ly ;  C L is the mean specif ic  heat  of the liquid within the t em p e ra tu r e  
interval  f rom t m to ts; C V is the mean specif ic  heat of the vapor within the t empera tu re  interval f rom t s 
to T; R is the heat of evaporation; Ts, y a re  the initial and the instantaneous densi ty of the solution; and 
7 L is the densi ty of the solvent.  

The solution to Eq. (3) with the initial condition g(0) -- 1 can be wri t ten as 

' 

where  

(o_ , In _~. F 1 1 
2Ye ( n ' 1/3 

- , 7 )  

) 1/3 YL 1/3 
y :  

Differentiat ing (2) with respec t  to ~, with (4) taken into account, we obtain the ra te  at which the gas s t r e am 
is cooled (chilled) by the evaporat ing liquid. F o r  the evaporation of pure l iquids,  Ts = Y L in Eq. (4). 
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D I S C H A R G E  O F  A B O I L I N G  L I Q U I D  

A .  F .  B a b i t s k i i  UDC 532.529.5 

Ex i s t ing  methods  of  so lv ing  the d i s c h a r g e  p r o b l e m  in the case  of  boi l ing l iquids can be c l a s s i f i ed  
a c c o r d i n g  to how the s y s t e m  of equat ions  is c losed :  the i s e n t r o p i c - p r o c e s s  s c h e m e  [1], the c o u p l e d - p r o -  
c e s s e s  s c h e m e  [2], and the h y d r a u l i c - p r o c e s s  s c h e m e  [3]. With  the in tegra ted  equation of motion for  a 
t w o - p h a s e  fluid [1], one obtains  a new solut ion to this p r o b l e m  under  the fol lowing condi t ions :  the flow is 
o n e - d i m e n s i o n a l ,  s t eady ,  and t h e r m o d y n a m i c a l l y  at  equ i l ib r ium;  the t e m p e r a t u r e s ,  the p r e s s u r e s ,  and 
the  ve loc i t i e s  of both componen t s  a r e ,  r e s p e c t i v e l y ,  equal; t h e r e  a r e  no m a s s  f o r c e s  p r e s e n t  and no e x -  
t e rna l  hea t  is suppl ied.  The equat ions  of  cont inui ty ,  motion [1], and e n e r g y  b e c o m e  then,  a f t e r  in tegra t ion ,  

pv/= p,,v0f 0 = const, 

U UO I 
p + ~ -  (~,,o ~ Vof, o) = Pc + ~- -  (~'0 :- VoPo), 

U2 U 2 
~:il + ~2io.+ ~ -  = ~01i01 -" ~0J0~. : 2 -- const 

o -- ~- = + -- = co: + %2 : 1; CliO01 C2,0 0,.,; pc col~)Ol co2~Oo2; c 1 c 2 

~ = .  c~O~Oo ; 80: : co:Oo____:Oo ; 61 -" 61 = ~o: = I~o~ --l'..). 

In the spec ia l  c a s e  v o = 0, it fol lows f r o m  Eqs .  (2) and (3) tha t  the quant i ty  of  g e n e r a t e d  vapo r  is 

(1) 

(2) 

(3) 

1 
f3oli~1 : ~o2io .,. - -  i: - -  - -  (Pc - -P)  

6~ = ! -- 6:== : Oo, (4) 
i.2 -- fl + (Pol -- Po~) (Pc -- P) 

901902 

If tabula ted  da ta  a r e  used  for  d e t e r m i n i n g  the t h e r m o d y n a m i c  p r o p e r t i e s  of the mix tu r e  componen ts  
(water  and vapor ) ,  then the  s y s t e m  of  equat ions  (1)-(3) will be a c losed  one and the p r o b l e m  of  d i s c h a r g e  
will  have  a tmique so lu t ion .  M o r e o v e r ,  the flow of  an ideal mix tu re  is a ccompan ied  by an i n c r e a s e  in en -  
t r o p y .  The ve loc i t y  and the  e n t ropy  of  the  m i x t u r e  a r e  defined by the fol lowing l imi t s :  

V (S = corlst) ~ / v  (S) ~ v (Smax) = O; S o..~. S C S (v - 0). 

N O T A T I O N  

p is the p r e s s u r e  o f  the  mix tu re ;  
v is the ve loc i ty  of  the mix tu re ;  
p is the dens i ty  of the mix tu re ;  
S is the en t ropy  of the mix tu re ;  
cj is the vo lume concen t r a t ion  of  the j - t h  componen t  (j = 1, 2); 
pj is the dens i ty  of  the j - t h  componen t  (j = 1, 2); 
hj is the en tha lpy  of  the  j - t h  componen t  (j = 1, 2); 
f is the c r o s s - s e c t i o n  a r e a  of  the s t r e a m .  

S u b s c r i p t s  

1 deno tes  the l iquid;  
2 deno tes  the vapor ;  
0 denotes  the ini t ial  s t a te .  

! ,  

2, 
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H I G H - T E M P E R A T U R E  T H E R M O P H Y S I C A L  

O F  N I C K E L  P R O P E R T I E S  

A .  F .  Z v e r e v ,  A.  I .  K o v a l e v ,  
a n d  A.  V.  L o g u n o v  

M E A S U R E M E N T  

UDC 536 .212 :537 .311 .331  

Nickel  is a m a t e r i a l  widely  used now as the base  in a l a rge  group of heat  r e s i s t a n t  a l loys capable  of 
withstanding high t e m p e r a t u r e .  Neve r the l e s s ,  its p rope r t i e s  (for instance,  its the rmophys ica l  p r o p e r -  
t ies)  have not been explored thoroughly enough - espec ia l ly  a t  t e m p e r a t u r e s  above 1000~ 

In this s tudy the authors  m e a s u r e d  the the rmophys ica l  p rope r t i e s  of nickel ,  99.81% pure  spec imens ,  
over  the t e m p e r a t u r e  range  f rom room to 1400~C. The Rozhdestvenski i  appara tus  with its t e m p e r a t u r e  
range  extended to 1000~ was used for  measu r ing  X and p f r o m  room t e m p e r a t u r e  to 950~C, k by the r e l a -  
t ive  method [1] and p by the compensat ion method [2]. Measu remen t s  in the 1000-1400~ range  were  made 
on the appara tus  for a composi te  de te rmina t ion  of the rmophys ica l  p rope r t i e s  [3], where  a spec imen was 
heated with e lec t r i c  cur ren t  in vacuum so that  the t e m p e r a t u r e  prof i le  in the center  port ion would become 
parabo l ic .  The a g r e e m e n t  between t he rm a l  conductivity values  obtained by two different  methods on d i f -  
fe ren t  appara tus  within comparab le  t e m p e r a t u r e  ranges  provides  an additional indicator as to the re l iabi l i ty  
of the resu l t s .  The spec imens  for  the m e a s u r e m e n t s  on each appara tus  had been p r e p a r e d  f r o m  the same  
s tock  of pure  nickel .  

Rounded off values  f rom these  t e s t s  a r e  shown in Table 1. The max imum (corresponding to the 950/o 
confidence interval)  m e a s u r e m e n t  e r r o r  ( random plus sys temat ic )  is: 5.5% for k, 1.5% for p, and 10%0 for e 
in the 200-900~ t e m p e r a t u r e  range,  9% for k, 2% for  p, and 11% for  e in the 1000-1400~ t e m p e r a t u r e  
range.  

TABLE 1. The rmophys ica l  P r o p e r t i e s  of Pu re  Nickel  (99.81%) 

T, ~ 20 . 300 ] 400 500 

f f  

/ 

),~ W/cm �9 ~ 
p, pg~cm 
L.IOS,W. ~2/(~ 2 
T, ~ 
~., W/cm. ~ 
p, ~a.cm 
L. 108, w, ~l(~ 2 
8 

e~, X = 0,65p 

7,68 

80O 
0,69 

45,8 
2,94 

100 200 

-- 0,77 
1113 17,4 

- -  2 , 8 3  

900 1000 
0,72 0,75 
48,4 50,8 
2,97 2,99 

- -  0,18 
-- 0,385 

0,68 t 0,64 
25,2 ' 3 3 , 5  
3,0 i 3,18= 
1 1 0 0  1200 
0,78 0,81 
i3,2 ]55,8 
3,02 i3,07 
0,191, 0,21 
o239~ I, 0,405} 

0,63 
~7,4 
3,05 
1300 
0,84 
18,4 
3,t2 
0,23 
0,411 

600 700 

0,64 0,66 
40,2 43,2 

2,95 2,93 

t400 -- 
0,86 I -- 

61,4 -- 
3,16 -- 
0,24 - -  

0,42 -- 

l e  

2. 
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I R R A D I A T I O N  O F  B O D I E S  W I T H  S E L E C T I V E  

C H A R A C T E R I S T I C S  O F  T H E  M E D I U M  

A B S O R P T I O N  

S. P .  D e t k o v  UDC 536.3 

Calculations of the radiat ive heat t r ans fe r  between bodies involve an interspers ion of problems con- 
cerning their geomet ry  and spect ra .  The f i rs t  step is to integrate a flux element over the depth of the vol-  
ume. The next steps depend la rge ly  on the sequence of integrations: over  the spec t rum and with respec t  
to the sPace angle. The advisabil i ty of integrating over the spec t rum last  is shown here  on the example of 
two-dimensional  sys tems  of bodies for which the irradiat ion coefficients are  calculated. According to the 
method proposed in [1], however,  as well as in this method one can use the directional radiation cha rac -  
te r i s t ics  for  the final calculations.  

A combination sequence of integration is recommended for sys tems  with a complex geometry :  the 
spec t rum is subdivided into ranges .  When the spec t rum is continuous, then integration with respec t  to 
the space angle is within each range pe r fo rmed  last .  This sequence is par t icu la r ly  convenient in the case 
of variable tempera ture ,  p r e s s u r e ,  and concentrat ion fields. 

Considerat ion is given here  to a range of the spec t rum sufficiently nar row so that the optical p rop-  
er t ies  of the d i sperse  phase and of the sur face  may be assumed constant.  At the same t ime,  such a range 
covers  a multitude of spec t ra l  l ines of the gas - l ines of different intensities but the same contour. The 
lines or the bands ei ther  do not overlap at all or  overlap completely.  The express ions  for the irradiation 
coefficients are of four different  kinds, depending on the combination of volume and sur face  zones. The 
angular distribution of radiant  flux impinging on a body is descr ibed by the Law of Cosines.  

The t ransi t ion f rom a sys tem with an a r b i t r a r y  geomet ry  to a sys t em of two-dimensional  bodies 
yields a class of special  fmlctions. The following are  examples of these new functions appearing in the ex-  
p ress ions  for the i r radiat ion coefficients:  

(c, ~) : v .l r"K~ (Ct + c) ~) av. Mm,n 

Here 

4 41 Kn =-- - - K i n  (t) = ~n exp -- cos n-t adv,, 

0 

c : k / a  o, c~ o = a d ( y  ), T : % l ,  v =J o-~01/a~, 

w is the wave number ,  em-t ;  Aco is the width of a spec t rum range; o~ 0 is the center  of a spec t rum range,  
cm-t ;  f is the contour of the spect ra l  absorption coefficient a ;  y is the normal iz ing  factor;  l is the thick-  
ness  of a body, m; k is the attenuation coefficient of the d i sperse  phase; m, n = 1, 2 . . . . .  

Other functions a re  a l ready  well known and found in the technical l i te ra ture .  The values of some of 
them have been tabulated for the s imples t  contours f. 

A general  scheme is proposed for calculating the matr ix of irradiation coefficients,  its proper t ies  
and simplifications are  analyzed,  and a specific example is shown of a radiation band with a d ispers ive  
contour.  
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