
F R E E  F A L L  R A T E  OF A S P H E R I C A L  P A R T I C L E  

IN AN I M M O B I L E  L I Q U I D  

A.  D. A l ' t s h u l '  a n d  Yu .  A .  V o i t i n s k a y a  UDC 532.55 

A derivation is offered for a semiempir ica l  formula for the drag coefficient of a sphere which 
is effective over the entire p rec r i s i s  range,  and has not previously been theoret ical ly justified. 

The formula for determination of the f ree- fa l l  velocity W of a solid part icle of d iameter  d in an immobile 
liquid has the form [2] 

= V pzCd (1) 

where g is the acceleration due to gravity; Ps is the density of the solid particle; Pl is the density of the liquid; and 
C d is the particle drag coefficient, for which a large number of empirical formulas have been proposed. 

The concept of the so-called generalized Reynolds numbe~', introduced in 1958 [I], permitted solution of 
a number of hydraulic problems, including that of determination of the drag coefficient of objects upon their 
fall through a liquid. Over the entire precrisis range a semiempirical formula was obtained for the drag 
coefficient of a sphere [2, 3]: 

24 
Cd = ~ e -  -F 0.67 , (2a) 

where Re = Wd/v; v is the kinematic viscosi ty of the liquid. 

Equation (2a) is simply t ransformed to the form 

C d = O ' l l 2 (  1 ~ - 1 / I - ~ -  214Re ,)~" (2b) 

where 

Substituting Eq. (2b) in the expression for fall rate (1), af ter  t ransformat ions  we obtain 

W =  ga~d2 , (3) 
18v-~O.6a ] / g d  a 

a2= .p~ --1.  (4) 
PZ 

Introducing the notation 

Ar = gd3 a 2, (5) 
V2 

where Ar is the Archimedes number ,  instead of Eq. (3) we have 

Ar 
1 8 + 0  " (6) 

A formula s imi la r  to Eq. (6) was obtained previously [4] with the aid of mechanical interpolation between 
formulas  for purely viscous and inert ial  flow around spheres ,  and has not been justified theoret ical ly until the 
present .  Special investigations have confirmed that both Eq. (6), and Eq. (2a), f rom which the fo rmer  is de-  
r ived,  agree very well with experimental  data over the entire p rec r i s i s  range of drag [3, 4]. 
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N O N S T A T I O N A R Y  N O N L I N E A R  H E A T - C O N D U C T I O N  P R O B L E M S  

A.  A .  P u c h k o v  UDC 517.9:536.21 

An exact  analyt ical  solution is cons t ruc ted  for  the one-d imens iona l  nonl inear  nonsta t ionary  p rob lem 
of hea t  conductivity with boundary conditions of the third kind. 

The solution of the nonsta t ionary  one-d imens iona l  p rob l em of heat  conductivity in the absence  of heat  
sources  and sinks within the body re su l t s  in the need to invest igate  the equation [1] 

OT O F OT _~ vF OT + ~ OZT 
pc . . . . . . . . . . . . . .  

Ot Or Or r Or Or z 

Let  us find the t e m p e r a t u r e  T = T ( r ,  t)  sa t is fying this equation, the init ial  condition 

T (r, 0) = r (r) 

and the boundary conditions of the third kind 
or (F or 

(1) 

where  the hea t -exchange  coefficients Pl = ~1( r ,  t ,  T) and P2 = D2( r ,  t ,  T) a re  given or  emp i r i ca l  p a r a m e t e r s .  

L imi t ing  ourse lves  to an examinat ion  of the s y m m e t r i c  p rob l em,  let  us take [1] 

in place of the second condition in (3). 
s y m m e t r y  of the body, r espec t ive ly .  

Le t  there  be the dependences  

Then (1) is reduced to the f o r m  

T p-q+i OT 
~. (t) Ot 

where  k(t) = Q (t)/P(t) .  

(2) 

(3) 

( -k0 0 ,4, 
The values  v = 0, 1, 2 de te rmine  the plane,  cyl indr ical ,  or  spher ica l  

pc = P (t) F (r) TP; ~ = Q (t) 6 (r) Tq. 

G(r) {T OZT r G" (r) -~ + ] 
F (r) OrZ + k F (r) 

(5) 

T "-~-r ~- q Or .I} (6) 

(7) 

We cons t ruc t  the solution of (6) in the f o r m  of the product  

T = ~ ( 0  R (r) 

Inse r t ing  (7) into (6) and separa t ing  v a r i a b l e s ,  we obtain two equali t ies  

dT 
xP-~-~ - k ~ ( t ) ,  (8) 

dt 
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