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A simplif ied physical  model  is examined for  the flow and evaporat ion of a l amina r  liquid f i lm en-  
t ra ined by a gas s t r e a m  and with a given heat  flux densi ty at  the wall which is constant  along the ent i re  
heating su r f ace .  I t  is a s sumed  that  the f i lm flow is stable,  the physica l  p r o p e r t i e s  of the liquid, except  
fo r  the v i scos i ty ,  depend litt le on the t e m p e r a t u r e ,  and the t he rma l  load is  not sufficient  for  the a p p e a r -  
ance of bubble boil ing.  Three  cha r ac t e r i s t i c  sect ions  a re  disting,aished along the length of the f i lm: 1) 
the initial t he rma l  sect ion within which develops the the rma l  boundary l ayer  a c r o s s  the fi lm thickness;  2) 
the sect ion of s tabil ized heating of the liquid f i lm to the equi l ibr ium evapora t ion  t e m p e r a t u r e ;  3) the s e c -  
tion of i so the rma l  evapora t ion  of liquid f rom the surface  of the f i lm.  

Calculation of the heat  t r ans f e r  comes  down to the joint integrat ion of the sy s t em of equations of 
ene rgy ,  motion,  and t e m p e r a t u r e  var ia t ion in the v iscos i ty  of the liquid for  each of the sect ions and the 
subsequent joining of the r e s u l t s  of the ca lcula t ions .  An ana lys i s  shows the poss ibi l i ty  of s implifying the 
initial sy s t em of equations with allowance for the fact  that: a) heat  t r an s f e r  in the f i lm due to t he rma l  
conduction along the channel axis  is smal l  compared  with the t r ans f e r  due to convection; b) a~r and 0ak/3x  
a re  smal l  compared  with a~ x and 3a~x/Oy; c) the fo rces  of inert ia  can be neglected in compar i son  with the 
fo r ce s  of f r ic t ion  and p r e s s u r e ;  d) the t e m p e r a t u r e  dependence of the v i scos i ty  can be descr ibed  accura te ly  
enough by a second-degree  t r inomia l ;  e) instead of the convective t e r m  COx(Dt/0x ) in the energy  equation one 
can be l imited to its value ave raged  over  the th ickness  of the f i lm (over the the th ickness  of the t he rma l  
boundary layer  in the f i r s t  sect ion) .  

In the region of stable f i lm flow there  is sa t i s fac to ry  a g r e e m e n t  between the analyt ical  solution and 
the r e su l t s  of an exper imenta l  de terminat ion  of the Nussel t  number  obtained for  f i lm flow of hydrocarbon  
fuel under  the effect  of an a i r  s t r e a m  in a hor izontal ly  mounted e v a p o r a t o r  channel.  A cer ta in  dec r ea se  
in the heat  t r ans f e r  compared  with the calculated value, observed  in the final sect ions  of evaporat ion,  is 
explained by a dis turbance in the wetting of the h e a t - t r a n s f e r  surface  by the f i lm with a dec rease  in the i r -  
r igat ion density because  of evapora t ion  of p a r t  of the liquid. 
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LAWS OF HYDRODYNAMICS AND HEAT EXCHANGE 

VAPOR FORMATION IN A FILM AT A VERTICAL 

SURFACE WITH WIRE INTENSIFIERS 

1. STUDY OF HYDRODYNAMICS OF THE FILM 

V,  G .  R i f e r t  a n d  P .  A .  B a r a b a s h  

D U R I N G  

UDC 66.02.536.24 

To intensify the heat exchange during vapor formation in a film descending over a ver t ical  surface the 
authors  used wires  0 .7 -1 .47  mm in diameter  fastened lengthwise to the surface .  The resu l t s  of a de te r -  
ruination o[ some pa rame te r s  of the film and the minimum ir r igat ion density Fmin a re  presented in the f i rs t  
par t  of the a r t i c le .  Analytical equations a re  presented for the determination of the local film thickness be -  
tween wires  and the average film thickness ~ over a section, its radius  of curvature  as  a function of the 
distance s between wires and their d iameter  d, the curvature  of the surface,  andthe wetting angle of the 
wires .  For  this one must  know the thickness 50 at the minimum cross  section of the film halfway between 
wi res .  This thickness and the local th icknesses  5 at other points were determined by the e lec t rocontac t  
and capacitance method. 

The exper iments  were per formed on flat and cylindrical  surfaces ,  cold and heated by e lec t r ic  c u r -  
rent ,  made of different ma te r i a l s .  Distilled water and an NaCl solution with a concentration of 35 g / l i t e r  
served as the working liquids. At Fmi n, which is the flow rate  below which rupture of the film occurs ,  
the minimum values of 50 for sur faces  with wires a re  three to four t imes lower than the minimum film 
thicknesses  for  surfaces  without wires  and comprise  0 .03-0 .05  mm for s =4-17 .5  mm r e g a r d l e s s  of the 
liquid t empera tu re  t l and the overheat ing of the wall re la t ive  to t I . For  the determinat ion of 60 for other 
than the minimum wetting flow ra t e s  the experimental  data for any s, d, and t I a re  general ized by the de-  
pendence 

. 8o , _ ,  + 14 ( 
~min -- l g  Retain / 

where Remi n =Fmin/VP is the minimum value of Re,  corresponding to the appearance of a rupture in the 
film upon a decrease  in the liquid flow ra t e .  The effect of the heat flux density q and of the mater ia l  of 
the surface and the wires  on Fmi n, s, d, and t I was studied. Improvement  in the wetting (reduction in 
Fmin) is noted upon the appearance of vapor bubbles, as  welt as upon the change f rom distilled water  to 
the NaCI solution. The exper imental  data are general ized by the equation 

Retain= 0.237 Ga 0"7~ Z~I: 49 Z~ 46 

where Ga =g53/u2; Z 1 =s/5; Z 2 =d/G, which is valid for Ga =20-2200, Z 2 =2-6,  and Z I <_ 50. 

Dep. 50-75, December  16, 1974. 
Original ar t ic le  submitted July 7, 1974. 

L A W S  OF H Y D R O D Y N A M I C S  AND 

D U R I N G  V A P O R  F O R M A T I O N  IN  A 

V E R T I C A L  S U R F A C E  W I T H  W I R E  

2. STUDY OF HEAT EXCHANGE 

V .  G .  R i f e r t ,  P .  A .  
a n d  A .  A .  M u z h i l k o  

H E A T  E X C H A N G E  

F I L M  A T  A 

I N T E  NSI  F I E  RS 

B a r a b a s h ,  UDC 66.02.536.24 

The heat-exchange mechanism is studied and the local and average  heat-exchange coefficients are  
determined for  vapor formation in a smooth film flowing down along a ver t ical  surface with longitudinal 
wire r ibbing.  E lec t r ica l  heating of the surface was used for this purpose .  The local wall t empera tu res  
between the wires  were measured  by thermocouples ,  while the average  wall t empera tu res  over the sections 
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and the average  wall t empera ture  for the entire surface were measured  by thermocouples  and r e s i s t o r s .  
Tes ts  were made on distilled water  and an NaCI solution with a concentrat ion of 35 g / l i t e r  at p =1.17 �9 104- 
0.98 �9 105 N/m 2, q = l . 5  �9 104-1.2 �9 l0 s W/m 2, and Ref[ =400-2300. A 1 .5 -  to 2-fold intensification of the 
heat exchange in the entire range of variat ions in q and Refi studied Is noted for a surface with longitudinal 
wire ribbing in compar ison with a smooth sur face .  This is explained by the presence  of a thin film half-  
way between wires ,  the more  turbultzed fi lm n e a r e r  the wires ,  and the effect on the thinner f i lms of the 
pulsations a r i s ing  Ln the thick f i lms .  A maximum of the heat exchange is obtained for a cer tain dtstance s 
between wi re s .  For  the case of evaporation of the film a calculat[ng sys tem is proposed for  the de te rmina-  
tion of the average  heat-exchange coefficient in which allowance is made for the presence  between wtres  
of sections differing tn the modes of film ~low. The experimental  points lie sa t is factor i ly  near the calcuta-  
ted line s .  

Dep. 51-75, December 16, 1974. 
Original ar t ic le  submLtted July 7, 1974. 

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

A R O T A R Y  H U M I D I F I E R  

M.  F .  B o g o m o l o v ,  V .  F .  D u n s k i i ,  
N .  V .  N i k i t i n ,  a n d  Y u .  V .  Y a t s k o v  

Humidification of the air  often proves  to be the sole required operation in room ai r  conditioning. 
In this case one can avoid bulky and expensive conditioners and be limited to the use of simple and inex- 
pensive ro t a ry  room humidif iers .  A rotat ing disk or drum which breaks  the water down into a lmost  iden- 
tical droplets is used as the water a tomizer  in these humid[t iers  [1, 2]. Finer  polydisperse satellite d rop-  
lets are  formed along with these ',main" drople ts .  

The usual working p rocess  of a monodisperse  a tomizer  (utilization of the main droplets and e l imina-  
tion of the satellite droplets) is r eve r sed  for ro t a ry  humidifiers;  the finer rapidly evaporating satellite 
droplets are  used for a ir  humidification while the la rger  main drops are  eliminated (deposited within the 
humidifier) .  

Ftg. 1. Diagram o[ ro t a ry  h u m i d i -  
f ier .  

The a r rangement  of a ro t a ry  humidifier [3] is shown in 
Fig .  1. It consis ts  of the rotat ing a tomizer  1 fastened to the 
shaft of the e lec t r ic  motor  2. The impeller  of an axial vent i la-  
tor  3 and the ro tor  of a centrifugal pump 5 are  fastened to the 
lower end of the shaft of the e lec t r ic  motor  2. The f rame 4 
fo rms  the water r e s e r v o i r .  When the humidifier is operating 
water enters  f rom the pump 5 through the measur ing nozzle 
6 into the rotat ing a tomizer  1. The main droplets thrown off 
f rom the per iphery of the a tomizer  1 under the effect of the cen-  
tr ifugal fo rces  are  deposited on the inner surface of the f rame 
4 and run down into the r e se rvo i r ,  f rom which the water enters  
the pump 5 by gravity flow. The finer satellite droplets are  en-  
trained by the air  s t ream which is created by the ventilator 3. 
The turbulent a i r -d rop le t  ver t ical  jet which fo rms  del ivers  the 
drops upward toward the ceiling and promotes  the circulation 
and mixing of the air  within the room.  While settling the drop-  
lets are  fully or part ial ly evaporated and humidify the air  in 
the room.  The water flow rate is 0.17 m l / s e c  and the power 
required is 100 W. 

The operation of the humidifier in a room occurs  under 
conditions of natural  ventilation. During the evaporation of the 
droplets  they are  cooled and the concentration of saturated w -  
pot  near their surface is less than the vapor concentration 
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corresponding to saturation of the air  in the room, i . e . ,  it is not possible to provide saturat/on of the air  
in a non, hermet ic  room with water vapor through atomizing of water which is at room tempera tu re .  To in- 
c rease  the degree of saturation of the a i r  one r e s o r t s  to e lec t r ica l  heating of the water in the r e se rvo i r  
of the humidif ier .  

Exper iments  were per formed in which the humidifier was placed in the center  of the floor of a room 
with a volume of 97 m 3 and a height of 3 ,5 m.  After 2 h of operation of the humidifier the relat ive humidity 
of the air  in the room had increased f rom 50-60 to 75-80%. 
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CALCULATION OF THE THERMAL CONDUCTIVITY 

OF POROUS MATERIALS 

V. V. Zotov,  A. N. L e p i | k i n ,  
S. I .  Nozdr in ,  and A. M. T e r t y c h n y i  

UDC 536.212 

The analytical  determination of the general ized conductivity coefficients of heterogeneous sys tems ,  
which include porous mate r ia l s ,  foam plast ics  in par t icular ,  is based on the study of models of these s y s -  
t ems .  A three-dimensional  cubic lattice at the nodes of which are  a r ranged  identical pores  having different 
shapes,  mos t  often cubical, is widely used as the model .  A model with spherical  pores  is considered as 
insufficiently flexible since its poros i ty  (Fl) does not exceed 74%. 

The studies which we have made, however,  show that foam plast ics  consist  mainly of closed pores ,  
with the porosi ty  of these mate r ia l s  being grea te r  than 74%. This is explained by the presence  of pores  
of different d iameters  in foam plas t ics .  Therefore  foam plastic can be considered as a mater ia l  containing 
several  porous s t ruc tures ,  with the s t ruc tures  having fine pores  forming the walls of the la rge  pores .  

Assuming that all the porous s t ruc tures  are  constructed on the basis  of one model -- a cubic lattice 
with spherical  pores  at the nodes, and considering that the thermal  conductivity" coefficient of the binder 
(h~) is g rea te r  than the thermal  conductivity coefficient of the gas in the pores (~2), equations were obtained 
for calculating the effective thermal  conductivity of the porous s t ructure  (~): 

\ n /  a 

where 

:By success ive ly  using the equation obtained for each porous s t ructure ,  s tar t ing with the s t ruc ture  having 
the finest pores ,  one can calculate the thermal  conductivity coefficient of a mater ia l  of any porosi ty  (0 
II< 10(f~). The values of the thermal  conductivity coefficients of var ious  mate r ia l s  calculated by the p r o -  
posed method agree well with experimental  values of the coefficients.  

Dep. 3215-74, September 25, 1974. 
Original ar t ic le  submitted January  9, 1974. 
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EXPERIMENTAL STUDY OF THE TURBULENT 

LAYER AT A LONG ROUGH FILAMENT 

V. M. Shulemovich 

B O U N D A R Y  

UDC 532.526 

In the a r t i c l e  expe r imen ta l  r e s u l t s  a r e  p resen ted  on a study of the c h a r a c t e r i s t i c s  of the boundary 
l ayer  at  cy l inders  with a d i ame te r  d =2 ram,  p e r f o r m e d  with an impinging s t r e a m  veloci ty  uoo=35 m / s e e ,  
th ree  heights h r =2, 35, and 85/~ of the roughness  p ro tuberances ,  and elongations k =245-1740; y and x+ 
a re  the t r a n s v e r s e  and longitudinal coord ina tes .  

The veloci ty  p rof i l es  in the boundary layer  were  m e a s u r e d  with a f la t  pneumat ic  probe for 10 c ro s s  
sec t ions  along the f i l ament  in each exper iment ,  co r responding  to a cer ta in  height h r .  The fields of m o m e n -  
tum loss  32 and d i sp lacement  ~t, the f o r m  p a r a m e t e r  H =~t /32 ,  and the th ickness  5 of the boundary l aye r  
were  de te rmined  using the expe r imen ta l  ve loci ty  p ro f i l e s .  The local f r ic t ion  coeff icients  cf were  found 
f rom the in tegra l  m om en t um  equation.  

The turbulent  intensi ty e of the longitudinal component  of t he  pulsation veloci ty  at the f i lament  was 
m e a s u r e d  in four c r o s s  sec t ions  with a cons t an t - r e s i s t ance  t h e r m o a n e m o m e t e r .  Some r e su l t s  of these  
m e a s u r e m e n t s  a r e  presented  in Fig.  1. 

I t  is shown expe r imen ta l ly  that the roughness  function _~ in expl ic i t  f o r m  does not depend on the t r a n s -  
v e r s e  c u r v a t u r e .  

The effect  of the curva tu re  was manifes ted ,  for  example ,  in the fac t  that the cor responding  values  of 
the ave rage  (CF) and local f r ic t ion  coeff icients  at  the cylinder a re  the higher compared  with those for  a 
pla te ,  the g r e a t e r  the height of the roughness  p r o t u b e r a n c e s  and the elongation of the cyl inder .  The th ick-  
n e s s  of the botmdary layer  and the fo rm p a r a m e t e r  a re  lower a t  a cyl inder  than at a p la te .  

The m a x i m u m  di f fe rences  obtained in these  e x p e r i m e n t s  for CF, 5, and H at a rough cylinder and at 
a plate a re  about 100, 50; and 14~, r e s p e c t i v e l y .  

The expe r imen ta l  data a re  in s a t i s f ac to ry  a g r e e m e n t  with the r e su l t s  of theore t ica l  ca lcula t ions .  

!~176 i i 
I t 1 ~ o  " 'jI , I. ~,o~ a1~ I 
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O, O2 

o q2 o,~ o,e q8 f l~ 

Fig .  1. Turbulent  intensi ty at 
the f i lament :  1) h r =0.085 ram; 
2) 0.035; 3) 0; for  1-3) %o=35 
rfl/SeC. 

Dep.  3218-74, October 28, 1974. 
Inst i tute  of Theore t ica l  and Applied Mechanics ,  Siber ian Branch  Academy of Sciences  of the USSR, Novo- 
s ib t r sk .  
Original a r t i c l e  submit ted May 25, 1974. 
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EXPERIMENTAL INVESTIGATION 

ACTION OF PORES 

OF B U B B L E - F O R M I N G  

[. I .  M a r k o v  UDC 536.423.1 

The bubble-forming action of pores  in the boiling of a liquid was exper imental ly  investigated.  The 
following aspec ts  of this question were considered.  

1. How does the solution of a ir  f rom pore cavit ies take place in open and closed vesse l s?  

2. How does residual  gas in pores  affect their  activity,  and how does the tempera ture  head AT, which 
de termines  the onset of bubble formation on the isolated potential boiling center ,  depend on the pore dia-  
m e t e r ?  

3. What effect  does mechanical  action have on the bubble-forming action of po res?  

It  can be concluded f rom the obtained experimental  data that gas f rom pore cavi t ies  d issolves  in a 
closed vessel  at a lower rate  than in an open vesse l .  Pores  can act  much longer as potential boiling cen-  
t e r s  in a closed vessel  than in an open vesse l .  The gas solution rate  increases  in open and closed vesse l s  
with increase  in tempera ture  of the liquid f rom room tempera ture  to saturation t empera tu re  T s .  The 
smal le r  the d iameter  of the pore (capillary) outlet, the g rea te r  the rate  of gas solution. P o r e s  which have 
lost all their gas become completely filled with liquid at liquid tempera ture  T < T s and cease to be active 
boiling cen te r s .  

A reduction of the part ia l  p re s su re  of gas in a pore leads to an increase  in the tempera ture  head AT 
at which bubble formation begins.  In the uniform field of a copper heater  the tempera ture  head increases  
l inear ly  with reduction in pore d iameter .  On a glass  heating surface,  beginning at a pore diameter  of 0.1 
ram, there is a sharp increase  in tempera ture  head with reduction in d iameter  of the pore (capillary). 
Since the air  solution ra te  increases  with reduction in pore diameter  it can be inferred that on pores  with 
d iameter  d <0.1 mm the part ial  p r e s su re  of gas at the s tar t  of boiling is pract ica l ly  zero ,  which leads to 
considerable overheat ing.  

In the nonuniform field of a heater  an increase  in pore depth leads to a reduction of the active pore 

rad ius .  

Vibration of the heating surface in a ver t ical  direction with f requency 0 < f -< 200 Hz and amplitude 
0.2-< A _< 1.25 mm does not al ter  the number of vapor - fo rming  cen te r s .  On functioning vapor - fo rming  
centers  an increase  in the frequency of the vibrating heating surface reduces  the bubble breakaway d iame-  
ter  D 0, which in this case can be calculated from the formula:  

3 - -  

D. = VScR]g, 

where c is a constant which depends on the kind of liquid; R is the pore radius;  g is the acce le ra t ion .  The 
frequency f0 of bubble breakaway increases ;  the boiling rate is f0D0 . 

Mechanical action at sites o[ breakaway of liquid f rom the heating surface leads to impact  boiling of 
the l iquid.  If a break  occurs  in a passive pore (capillary), this site becomes  a stable boiling center .  

Dep. 52-75, October 30, 1974. 
Original ar t ic le  submLtted September  17, 1974. 

RELATION BETWEEN ACOUSTIC SIGNAL AND OSCILLATIONS 

A VAPOR FILM DURING UNDERHEATED FILM BOILING 

V. V. Chekanov and L. G. Berro 

O F  

UDC 534.8:536.423.1 

It has been noted [1-3] that in the case of a pronounced underheating the film boiIir/g which occurs  
at a thin wire is accompanied by the generation of sound -- a whistle at  a pure tone. Oar purpose in the 
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Fig. 1. Experimental apparatus. 1) Light source; 2, 4) stabilized 
dc power supplies; 3) heater; 5) objective lens; 6) slit; 7) photomul- 
tiplier; 8) all-purpose power supply; 9) oscilloscope; 10) hydrophone; 
11) spectrum analyzer.  

present  study was to detect the oscillations of the vapor-filled cavity which appears around the heater ,  to 
determine the frequency of these oscillations, and to determine the relationship between these oscillations 
and the amplitude --frequency spectrum of the sound emitted under these conditions. 

Figure 1 shows the experimental apparatus; the experimental procedure is described in [4]. The ap- 
paratus is assembled arotmd an OSK-2 optical bench. The processes which occur at the surface of the 
heater 3 are observed in transmitted light, so that a clearly defined shadow of the vapor-filled cavity is 
found on the cathode of photomultiplier 7. The oscillations of the cavity modulate the light flux, and the 
electr ical  signal from the photomultipller, which is fed to oscilloscope 9, is proportional to the displace- 
ment of the vapor film .- 

The noise which occurs upon boiling is detected by hydrophone 10 and studied by the SK4-3 noise 
spectrum analyzer 11. The experiments are carr ied out under conditions such that the underheating of 
the liquid is 

hTun d = Tsat - -  T1 ' ,~ 35 -" 6 0 %  

The boiling occurs on thin tungsten wires 0.12 and 0.3 mm in diameter, immersed in alcohol (ethyl or 
propyl). The experiments are carried out in vessels of various sizes and shapes. The use of a dual- 
trace oscilloscope makes it possible to determine the phase relations of the signals from the hydrophone 

and from the photomultiplter. 

Analyzing the data, we can draw the following conclusions. 

1. The emission of a pure acoustic tone under these conditions results from oscillations of the 

volume of the vapor-filled cavity around the heater. 

2. In the case of underheated film boiling, the frequency of the principal maximum in the spectrum 
of the acoustic signal is equal to the frequency of the volume oscillations of this cavity. 

3. As the heat flux is increased, the frequencies of the principal maxima of both signals decrease. 

LITERATURE CITED 

1. E . I .  Nesis, Boiling of Liquids [in Russian], Nauka, Moscow (1973). 
2. M . F . M .  Osborne, J. Acoust. Soc. Amer., 1__99, No. 1, 21 (1947). 
3. B.M. Dorofeev, L. G. Berro, V. A. Assman, Yu. I. DLkanski[, and N. S. Sergeev, in: Research 

on the Physics of Boiling [in Russian], No. 2, Stavropol' (1974). 
4. V.V. Chekanov, in: Research on the Physics of Boiling [in Russian], No. 2, Stavropol' (1974). 

Dep. 60-75, September 12, 1974. 
Original article submitted April 25, 1974. 

660 



F O R C E D  C O O L I N G  OF C O N S T R U C T I O N A L  

I N  C R Y O G E N I C  D E V I C E S  

E LE ME N T S  

A .  V .  Z h u k o v s k i i  UDC 536.24 

I t  is common prac t i ce  to reduce  the heat  leakage to the cold zone in a c ryogenic  device by cooling 
the const ruct ional  e l emen t s  by means  of the escap ing  gas;  the heat  leaks  and t e m p e r a t u r e  dis t r ibut ions  in 
such e l emen t s  may  be der ived f r o m  an analyt ica l  solution for  the one-d imens iona l  t h e r m a l  conduction in 
a rod of constant  c r o s s  sect ion,  pa r t  of which is cooled by a flow of cold gas  towards  the w a r m  end of the 
rod .  The the rma l  conductivity of the rod is a s sumed  constant  and equal to the in tegra l  mean value for 
the cooled p a r t  k and uncooled pa r t  X L.  The following quanti t ies  a r e  specified:  the c r o s s  sect ion of the 
rod  F, cooled length l, and uncooled length L; cooled p e r i m e t e r  of the rod  U, gas  flow r a t e  G, gas  t e m p e r -  
a ture  at  the inlet to the cooling sect ion ~l ' and t e m p e r a t u r e s  at  the ends of the rod: hot end T O and cold 
end Tl, as  well as  the h e a t - t r a n s f e r  coeff icient  to the gas  a ,  and the mean  specif ic  hea t  of the gas  Cp. 

E x p r e s s i o n s  for  the t e m p e r a t u r e  dis t r ibut ion in the rod,  the t e m p e r a t u r e  of the coolant,  and the 
heat  leak to the cold end a r e  der ived in d imens ion les s  fo rm;  the solution contains not only the boundary 
conditions for  T / / T  0 and 3l /T  o, but a l so  the three  quant i t ies  Gcp / /kF ,  olUl/GCp and G c p L / k L F  (or combina-  
t ions of these) .  If the ent i re  rod is cooled by the gas,  it is found that  the hea t  leak to the cold end as  a 
r a t i o  of the heat  leak without cooling, Q/ /Qmax ,  is governed solely b y  Gcpl/XF and ~ U / / G c p ,  where  Qmax = 
k F / l ( T  o -  T l ), and this r e l a t ionsh ip  is shown in Fig .  1, which al lows one to deduce the heat  Ieak Q1 along 
the rod .  

E x p e r i m e n t s  indicate that  the calcula t ions  give somewhat  o v e r e s t i m a t e s  for  the heat  leads ,  since 
the solution does not incorpora te  the var ia t ion  in the t h e r m a l  conductivity of the rod and the h e a t - t r a n s f e r  
coeff icient  along the length.  Detai led calculat ions have been made for  pa r t i cu la r  rod m a t e r i a l s  and cooling 
agents  on the bas i s  of the t e m p e r a t u r e  dependence of the p r o p e r t i e s ,  us ing  n u m e r i c a l  integrat ion;  the 
genera l  t r ends  shown in the f igure still  p e r s i s t .  

These  s imple  solut ions can be valuable in e s t ima t ing  heat  leaks  and t e m p e r a t u r e  d is t r ibut ions  in g a s -  
cooled s t ruc tu r a l  e l emen t s  of c ryogenic  equipments ,  and a l so  for  defining the gas  flow needed (with a c e r -  
tain safe ty  factor)  to produce a given reduct ion in the heat  leak to the cold zone.  

Ql 1 

\ 

X_~L 
Gc.o 

Dep. 59-75, December 13, 1974. 
Original a r t i c l e  submit ted D e c e m b e r  10, 1973. 

F ig .  1. Rela t ive  heat  flux f r o m  cooled 
rod as  a function of d imens ion les s  quan-  
t i t i e s .  Values ofo~U//Gc~: 1) 0.1;  2) 
0.4;  3) 1.0; 4) 2.0;  5) 5.6'; 6) 10; 7),o.  
Above the broken line the d i f ference  is 
l e s s  than 10% f r o m  the r e s u l t s  with v a r i -  
ab le  t h e r m a l  conductivity for  a s t a i n l e s s -  
s teel  rod cooled by hel ium at  20K-< T__< 
300K. 
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P R O C E S S E S  I N  H E A T  B R I D G E  F L U S H E D  V I A  

M E D I U M  A G A I N S T  T H E  H E A T  F L U X  

L .  M .  R o z e n f e l ' d  a n d  A .  G K o r o l ' k o v  

A 

UDC 621.1 .016.4 :621.59+536.24 .242 

Heat  b r idges  occur  in c r y o s t a t s  and other such devices  and a re  sou rces  of unwanted heat  leak,  which 
can be reduced  by cooling t h e b r i d g e s  wLth the cold gas flowing aga ins t  the hea t  flux [1]. 

Consider  a br idge between cold and w a r m  media  cooled as  shown Ln F ig .  1; the conditions a r e  s ta t ic ,  
with given t e m p e r a t u r e s  for  the media  and given h e a t - t r a n s f e r  coeff ic ients  a t  the ends and middle .  

I t  Ls a s sumed  that  the physica l  p r o p e r t i e s  of the br idge and gas a re  constant ,  and the longitudinal 
t he rma l  conduction in the gas  is neglected,  which gives a solution to the the rmal -conduc t ion  equations for  
the br idge and the energy  equation for  the gas  in t e r m s  of the d imens ion less  t e m p e r a t u r e s  of br idge  and 
gas  averaged  over  the c r o s s  section,  the values  being e x p r e s s e d  in t e r m s  of  the Stanton and BLot n u m b e r s ,  
together  with the geome t r i ca l  s imi l a r i t y  of the cooled pa r t ,  in conjunction with d imens ion less  quant i t ies  
that r e p r e s e n t  the heat  t r a n s f e r  at  the ends of the br idge ,  which have been given in [2]. 

The charac te rLs t ics  of such a br idge a r e  p resen ted ,  in pa r t i cu la r ,  as  heat  f luxes at the hot and cold 
end as  r a t i o s  to the heat  flux without cooling, as  well  as  the gas t e m p e r a t u r e  as  a r a t io  to the t e m p e r a t u r e  
di f ference between the media ,  agaLn in t e r m s  of the d imens ion less  v a r i a b l e s .  

Anana lys i s  is p resen ted  for  the e f fec ts  on the c h a r a c t e r i s t i c s  f r o m  the dimensional  p a r a m e t e r s  of 
the br idge and gas  over  a wide r ange .  

Medium I 
rl 

...- Q~J 

l.l I. 

Medium II 
rz 

~L 

L 2  _ 

Fig.  1. Model for  calcula t ions  on 
a cooled heat  b r idge .  T 1 and T2 
a re  the t e m p e r a t u r e s  of the cold 
and w a r m  media ,  G is  the cool ing-  
gas  flow r a t e ,  and QI and Q2 a re  
the hea t  f luxes,  r e spec t ive ly ,  Lnto 
the cooled end and into the cooled 
bridge. 
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P R O P E R T I E S  OF T H E  R E S I S T A N C E  OF R O T A T I N G  P O R O U S  B O D I E S  

S .  I .  K u l i k o v s k i i  UDC 66.071.6  

The physical  p r o c e s s e s  accompanying the flow of a liquid or gas through a cyl indrical ,  porous ,  r o t a -  
ting body a re  analyzed in the a r t i c l e .  Models of the se r i a l  type a re  used to desc r ibe  the na ture  of the flow. 
Using an equation of flow with allowance for iner t ia l  l o s ses  with s l ippage,  an express ion  is obtained for  
the p r e s s u r e  distr ibution both in a s ta t ionary  and in a ro ta t ing  porous  r o t o r .  Values of the pe rmeab i l i t y  
coefficients  a r e  given for molecu la r  and viscous  modes  of flow. Two means  of gas  supply are  used:  along 
and agains t  the effect  of the centr i fugal  f ield.  The data of the exper imen ta l  s tudies a r e  compared  with 
computer  ca lcula t ions .  
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With gas flow along the ef fec t  of the field and a low ro ta t ion  speed the distr ibution hard ly  di f fers  f r o m  
the dis t r ibut ion in a s t a t ionary  d i f fuser .  With an inc rease  in the speed the p r e s s u r e  i n c r e a s e s  in the p e r i -  
phera l  reg ions  and d e c r e a s e s  in the middle pa r t  of the r o t o r .  The s m a l l e r  the pe rmeab i l i ty ,  the sma l l e r  
the dis tance f rom the axis  a t  which this i nc rea se  begins to a p p e a r .  The r e a s o n  for  this effect  is the non-  
l inear  re la t ionsh ip  between the s t r e s s  t ensor  and the t ensor  of the deformat ion  r a t e .  

With movemen t  of the gas  aga ins t  the effect  of the field the r e s i s t a n c e  of the di f fuser  i n c r e a s e s  with 
an i nc rea se  in the r o t o r  speed.  This is due to the joint e f fec t  of two f o r c e s  --  the r e s i s t a n c e  of the porous  
m a t e r i a l  and the centr i fugal  f ield.  

Dep.  3217-74, Sep tember  27, 1974. 
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ISOTHERMAL MOVEMENT OF VAPOR IN A 

Ya. A. Levin, E. B. Filippov, 
and A. A. Yarkho 

T U B E  

UDC 532.517.4  

The es tab l i shed  i so the rma l  turbulent  flow of a vapor  along a round cyl indr ical  tube is examined in 
a one-d imens iona l  formula t ion  to find the dependence of the p r e s s u r e  l o s s e s  in the pipel ines  of a h e a t - e x -  
change appara tus  on the flow r a t e  of d ry  vapor  with al lowance for  the r e a l  p r o p e r t i e s  of the l a t t e r .  The 
equation in v i r i a l  f o r m ,  in which t e r m s  containing p to the second power or  higher were  neglec ted ,  was 
used as the equation of s ta te  of a r ea l  gas .  The equation of s tate  was solved for  0 .  Of the two roo t s  of 
the equation of s ta te  obtained, the s m a l l e r ,  sa t isfying the region of superhea ted  vapor  with a t e m p e r a t u r e  
below the c r i t i ca l  t e m p e r a t u r e ,  was  taken.  

I t  is known that up to Mach num ber s  M ~ 0 . 8  the coeff icient  of r e s i s t a n c e  ~ is a function only of the 
Reynolds  number  Re .  For  the m ovem en t  of a gas along a round cyl indr ica l  tube, Re is ,  in turn,  a function 
of the v i scos i ty  coefficients?,  which depends only on the t e m p e r a t u r e  when the p r e s s u r e  var ia t ions  a r e  not 
v e r y  l a rge .  Consequently,  with i so the rma l  gas  flow Re r e m a i n s  constant  a long the pipe,  which means  the 
coeff icient  of r e s i s t a n c e  ~ will a l so  be cons tant .  

With these conditions the s y s t e m  of equations of continuity, motion,  and of s tate  can be in tegra ted .  
After  s eve ra l  e l e m e n t a r y  t r a n s f o r m a t i o n s  the express ion  for  a long pipel ine obtained as  a r e su l t  of the in-  
t egra t ion  will have the f o r m  

B 1 (p3o__pa) + 1 G~ t 

where  p is the p r e s s u r e ;  T is the t e m p e r a t u r e ;  R is  t hegns  constant;  B 1 is v i r ia l  coeff icient  of the equa -  
tion of state;  G is the m a s s  flow ra te ;  F is the c r o s s - s e c t i o n a l  a rea  of the pipeline;  1 is the length of the 
pipeline;  D is the inner d i ame te r  of the pipeline; ~ is the coeff icient  of f r i c t ion .  

Equation (1) r e p r e s e n t s  a genera l  exp re s s ion  connecting, with the a s sumpt ions  indicated above,  the 
p a r a m e t e r s  of a moving i so the rma l ly  r ea l  gas .  F r o m  it one can obtain the well-known exp re s s ions  for  the 
de te rmina t ion  of the p r e s s u r e  lo s ses  during the movemen t  along a pipeline of an i ncompres s ib l e  liquid (the 
D a r c y - - W e i s b a c h  equation) and of an ideal ga s .  

Equation (1) can be used to de te rmine  the m a s s  flow ra te  of a vapor  moving i so the rma l ly  along a 
pipeline with known g e o m e t r i c a l  c h a r a c t e r i s t i c s  when the p r e s s u r e  drop is given.  If Re < 105 then the 
Blas ius  equation can be taken for  the coefficient  of f r i c t ion .  Then a f te r  t r a n s f o r m a t i o n s  of Eq .  (1) we ob-  
tain 

D 4,75 B x (p~__ p~)]. 
C ~'75 = 2,07 t~r,lO,25 [ P~-- P~ + ~ (2) 

A compar i son  of calcula t ions  by Eq.  (2) and e x p e r i m e n t s  with ni t rogen and hel ium showed that the 
e r r o r  in the de te rmina t ion  of the m a s s  flow r a t e  of a vapor  moving i so the rma l ly  along a cyl indr ical  p ipe -  
line does not exceed 7%. Not allowing for  the t rue  p r o p e r t i e s  of the vapor  can lead to an e r r o r  of 20-30%. 
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A E R O D Y N A M I C  C H A R A C T E R I S T I C S  

E .  P .  V i s h n e v s k i i  

OF S L O T T E D  D R A I N S  

UDC 532.542 

Slotted drains a re  analyzed, with the a rea  F(x) of the air  col[ecter  and width e(x) of a slot being func-  
tions of the distance f rom the dead end. 

In this case the velocity distr ibution along the axis of the a i r  col lecter  is 

w sh rtr (x*, il, I~ . . . .  ,) 
wo sh p.l x ' 

where x* is the dimensionless  coordinate; Ij a re  geometr ica l  tnvariants (dimensLonless complexes  of the 
s t ructura l  pa r ame te r s  of the device); ~ is the f low-rate  coefficient.  

The velocity in a slot is 

o ch i~0 (x*, 11, I,, ...,) 
v o ch Ixlz 

The coefficient of aerodynamic  res i s tance  is 

= cth z ttlx-- 1. 

The variat ion of the velocity distribution in a slot is 

~1= (I I ch I~Ir 1 ) " 100 %. 

Four par t icular  eases  are  examined for which calculating equations a r e  derived.  The specific con-  
tent of  the invartants Ij in this case is determined by the geometry  of the devices Ln accordance  with the 
equations 

I 

0 

(x*, 11, 12, ...,) = i F~ (x)(x) dx. 
0 

Dep. 3256-74, October 18, 1974: 
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H Y D R O D Y N A M I C S  O F  T U R B U L A T O R S  F O R  T H E  T W I S T I N G  OF 

T H E  A I R  S T R E A M  A T  T H E  E N T R A N C E  TO A T U B E  

A .  M .  V o t t k o  UDC 532.5 

A pre l iminary  analysis  of the ene rgy  expenditures in overcoming the res i s tance  of tubular hea t -ex -  
changers having a turbulent a ir  s t r eam shows that a considerable par t  of the p r e s s u r e  head is expended in 
overcoming the res i s tance  of the turbulators ,  in connection with which it is desirable to determine the effect  
of their s t ructura l  proper t ies  on the coefficient of r e s i s t ance .  The investigation was concerned with 
three designs o f  turbulator :  with a smooth tangential connection of a i r  flow formed by ha l f -c i rc les  with 
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Fig.  1. Hydrodynamic cha rac t e r i s t i c s  o f tu rbula tors :  a ) ~ =  
(PVt) , turbula tor  with tangential  airf low a x  b = 140• 140 
mm (1), 160• (2), 180• (3), 400• (4), 130• 
(5), and 213 x 130 mm (6)); turbula tor  with flat vanes (# =60 ~ 
D =406 mm (7)); turbula tor  with sn~oo-th bending of vanes (#=  
30 ~ (8), 45 ~ (9), 60 ~ (10), D =220 mm); b) swir ler  with 
smooth bending of vanes,  ~ =f(sin fl) valid for pv t~5 -50  
k g / m  2 �9 sec,  1, 3, 5)/3 =60, 45, and 30 ~ respect ively ,  ll = 
D = 2 2 0 m m ,  2, 4, 6) fl =60, 45, and 30 ~ , respect ively ,  ll = 
D =406 mm,  c=+25%; c) dependence of Ap (ram H20) on 
12/D and pv t [Pvt =39 (1) and 26.7 kg /m 2 �9 see (2)]. 

cen te r s  located at equal d is tances  f rom the tube axis and with an open o r  closed diaphragm (tube d iamete r  
D = 200 ram, diaphragm d iamete r  d = 100 m m  with the inlet c r o s s  section a •  b, where a is the channe l .  
length and b is the channel width), a r e g i s t e r  with eight flat vanes mounted at an angle ~ = 60 ~ to the gen-  
e ra t r ix  of the tube (tube d iamete r  D = 406 ram), and a turbula tor  also with eight turbulat ing vanes but 
with the angle # varying smoothly f rom 0 ~ (at the entrance of the a i r  s t r eam to the turbulator)  to 30, 45, 
and 60 ~ (at the exit of the a i r  s t r eam f rom the turbula tor  with a tube d iamete r  D = 220 ram). Fo r  the s e c -  
ond and third turbula tor  the length was equal to their  d iameter .  

The studies of the coefficient of r es i s t ance  ~ =f(pvt) of the t u r b u l a t o r s f r o m t h e m a s s v e l o c i t y  i n a v e r y  
na r row  c ros s  section of the channel were  preceded by studies of the velocity fields (tangential and axial) 
of the turbulent s t r eam in the initial c r o s s  section of the tube g /D  = 1.5 fo r  the f i r s t  turbula tor  a n d / / D 3 . 7  
for  the third t u r b u l a t o r , / i s t h e  running length of the tube) , as a resu l t  of which it was established that their 
difference is insignificant (with fl =60 ~ whereas  their coefficients of r es i s t ance  differ considerably f rom 
one another (Fig. la ) .  

The lat ter ,  which is energet ica l ly  advantageous, dist inguishes the third turbula tor  f r omthe  f i rs t ,  in 
connection with which it was studied in more  detail .  The variat ion of the difference in static p r e s s u r e s  
between the entrance c r o s s  section of the turbulator) ,  (fi = 60 ~ and along the length of its channels (l~ is the 
cur ren t  length of the channel) was checked for different values of pv t (Fig. lc ) .  It is seen f rom Fig.  la 
that the coefficient of r e s i s t ance  dec reases  considerably with a decrease  in the angle fl (third swir ler) ,  
although reorganiza t ion  of the velocity fields occurs  in this case with a shift in the high-veloci ty  zones 
f rom the wail of the tube toward the axis,  which reduces  the intensity of heat exchange between the air  
s t r eam and the wall of the tube. Therefor  the choice of a turbula tor  ineach  concre te  case mus tbe  justified 
by a technical -- economical  calculat ion.  

Dep. 55-75, November 6, 1974. 
Original ar t ic le  submitted April  2, 1973. 
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N U M E R I C A L  S O L U T I O N  O F  T H E  H E A T  E Q U A T I O N  

W I T H  A C O N V E C T I V E  T E R M  

N .  V .  A s t a n o v s k a y a  a n d  A .  A .  P i r o z h e n k o  UDC 518.5:517.946 

W e  cons ider  the p rob lem of the propagat ion of heat  in a moving,  chemica l ly  iner t  medium for  the con-  
dttton that ene rgy  s cu rce s  a r e  absent  and the ene rgy  diss ipat ion ts negl igibly s m a l l .  The boundary condi-  
t ions for  the hea t -p ropaga t ion  equation 

O (pC~T) -]- div (upCpr -- ~ grad T) -- O, Ot 

XoEG, o" = 1, 2, (1) 

with account of the s y m m e t r y  of the heating conditions and the geome t ry  of the reg ion  being considered a r e :  

1) the s y m m e t r y  conditions 

o r  (x, .  O, 0 
Ox2 = O, lw~<xt  < t~, t > 0; (2) 

OT (0, x2, t) 
=0,  0~<x2<t2. t>0 ;  (3) 

ax, 

2) the given t e m p e r a t u r e  dis t r ibut ions  

T (x 1, x 2, t) = T2, (xl, x~) (~ 8 -- the external surface (4) 

T (x x, x 2, t) = T1, O . ~ x t ~ . ~ l w  ~ the surface of the base (5) 

:For a numer i ca l  solution of Eq .  (1) with the boundary conditions (2)-(5) and the initial condition 

T (x,, x,, 0) =/~,  (xx, X~) 6 6 

we use  an absolute ly  stable scheme ,  cons t ruc ted  on the ba s i s  of a local  one-d imens iona l  method [1], which, 
for  the chosen o rder  of approximat ion ,  converges  with r a t e  ~o (Ih] +T). 

The veloci ty  distr ibution of the gas phase is given, and is an approximat ion  of the mot ions  of the gas  
phase  de te rmined  in [2] for  each  i n t e rva l  of c r i t i ca l  Rayleigh n u m b e r s  [Rat_ i,cr RaCr].  

In the Study we c a r r y  out a theore t ica l  and numer i ca l  invest igat ion of the s tabi l i ty  and the con v e r -  
gence of the proposed scheme,  and we r e p r e s e n t  r e su l t s  of calculat ions of the t e m p e r a t u r e  f ie lds  for  chan-  
nels  with var ious  configurat ions of the c r o s s  sec t ion .  

We note that the p re sence  of f r ee  convection can cons iderably  influence the nak t re  of the heat  t r a n s -  
fe r  on the base  and the behavior  of the local  Nussel t  number  

a T  l 

Nu (x) = 
L (T 2 -- T,) 

where  T,  is  the ave rage  t e m p e r a t u r e  over  the vo lume.  
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O P T I M A L  S Y M M E T R I C  T E M P E R A T U R E  R E G I M E  F O R  A P L A T E  

V .  M .  V i g a k  a n d  A .  A .  F e d o r i s h i n  UDC 536.21:539.377 

The p rob lem of the control  of s t a r t - u p  p r o c e s s e s  in t he rma l  power equipment  is connected with the 
p rob lem of de te rmin ing  the opt imal  uns teady  t e m p e r a t u r e  r e g i m e  for s epa ra t e  e l emen t s ,  ensur ing  over  
the en t i re  extent  of the t r ans i en t  p r o c e s s ,  given l imit ing admiss ib le  t e m p e r a t u r e  s t r e s s e s  a t  the max ima l ly  
s t r e s s e d  points of the e l emen t .  

To de te rmine  the opt imal  uns teady t e m p e r a t u r e  r e g i m e  in an unbounded plate of th ickness  2h we con-  
s ider  the solution of the heat  equation,  for  which as  boundary  conditions the condition of s y m m e t r y  of the 
t e m p e r a t u r e  field over  the th ickness  of the plate is chosen,  and the condition of the equal i ty  of the t e m p e r a -  
ture  s t r e s s e s  on the outer  s u r f a c e s  is admis s ib l e ,  which is wri t ten in the fo rm 

l 

I_  t'T(p, Fo)dp--T(l, Fo)=b--cT(l, Fo). (1) 
2 . 

--1 

Here  the left  side of condition (1) is an express ion  for  the calculated r e l a t ive  t e m p e r a t u r e  s t r e s s e s  on the 
sur face  of the plate p =1, and the r igh t  side is an expres s ion  for  the admiss ib l e  re la t ive  t e m p e r a t u r e  s i r e s -  
ses  S = [(1 - -  v)/O~TE ]~, the var ia t ion law of which depending on the t e m p e r a t u r e  is a s sumed  to be a p p r o x i -  
ma ted  by a broken  line; in s epa ra t e  t e m p e r a t u r e  r anges  these  s t r e s s e s  a re  r e p r e s e n t e d  by the l inear  func-  
tion S = b  --  cT(1, Fo).  

The solution of this heat -conduct ion p rob lem is obtained in the f o r m  

T(p, Fo)=---~-.41 ch ~upexp (~.~ Fo)- t- Ancos).npexp(--~.2nFo), (2) 
C 

where  X t and X n (n=2,  3 . . . . .  ) a r e  the roo t s  of the cor responding  c h a r a c t e r i s t i c  equations;  the coeff ic ients  
An(n =1, 2 . . . . .  ) a r e  de te rmined  f rom an infinite sy s t em of a lgebra ic  equat ions,  obtained on the bas i s  of 
the initial condition. 

I t  is shown that unlike the heat-conduct ion p rob lem in the usual formula t ion ,  the opt imal  p rob l em 
with a cons t ra in t  based  on the s t r e s s e s ,  bes ides  solution (2), has a pa r t i cu la r  solution for  h i =0.  

In a s im i l a r  manne r  we find the pr inc ipa l  and pa r t i cu l a r  solutions of the opt imal  heat-conduct ion 
p rob lem for  a cons t ra in t  on the t e m p e r a t u r e  s t r e s s e s  in the middle  plane of the p la te .  

The opt imal  t e m p e r a t u r e  r e g i m e  that is found al lows us ,  for  example ,  f r o m  the boundary  condition 
of second or  third kind on the outer  su r face  of the pla te ,  to de te rmine  a control  function ensur ing  given 
admiss ib l e  t e m p e r a t u r e  s t r e s s e s ,  or a t h e r m a l  flux, or the t e m p e r a t u r e  of the heat ing med ium for  the 
cor responding  Blot c r i t e r ion ,  or ,  on the con t r a ry ,  the Blot  c r i t e r i a  for  given t e m p e r a t u r e  of the heat ing 
med ium.  

The solution obtained for  the opt imal  uns teady heat-conduct ion p rob lem can be used for  de te rmin ing  
the control  function needed for  au tomat ic  control  of the s t a r t - up  r e g i m e s  of t he rma l  power equipment .  

N O T A T I O N  

p =x /h ,  d imens ion les s  coordinate;  x, axis  of coordina tes  with or igin on the middle plane of the plate; 
F o = a - r / h  2, F o u r i e r  c r i t e r ion ;  a ,  t he rma l -conduc t iv i ty  coefficient;  b,  c,  constant  coeff ic ients  de te rmined  
f r o m  the given s t ra igh t  line of admiss ib l e  r e l a t ive  t e m p e r a t u r e  s t r e s s e s  S; v, C~T, the Po i s son  r a t i o  and 
the l i nea r - expans ion  coefficient;  E,  e las t ic  modulus .  

Dep.  54-75,  November  22, 1974. 
Original a r t i c l e  submit ted J anua ry  9, 1974 
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S O L U T I O N  O F  A T H R E E - D I M E N S I O N A L  H E A T - C O N D U C T I O N  

P R O B L E M  F O R  A N  I N H O M O G E N E O U S  O R T H O T R O P I C  S E M I - I N F I N I T E  

H O L L O W  C Y L I N D E R  F O R  M I X E D  B O U N D A R Y  C O N D I T I O N S  

P .  Z .  L i v s h i t s  UDC 536.2 

Assuming  a power  dependence for  the the rmal -conduc t iv i ty  coeff icient  on the radia l  coordinate  o we 
cons t ruc t  solut ions for  the equation of s teady heat  conduction for  an unbounded hollow cylinder  c o r r e s p o n -  
ding to homogeneous mixed boundary  conditions 

! 07" 
, . v _  , T =0, ~ < 0 ,  p : l ~ ~ : T v = O, ~ ~ 0; hraR c)p T_ .~ 

1 O T  
p=l--~,: hrbR Op Tv=O, --w<:~<c~. 

Using the solutions that have been constructed we consider  two p rob l ems  on the a r b i t r a r y  heat ing of the 
face of a semibounded cyl inder  for  homogeneous mixed boundary conditions (i =c /R) :  

1 OT v 
o=1--~-, ~:Tv=O, O ~ . - i l ;  hraR a# -t-Tv=O' - -oc<~<O; 

I aT.~ _ T v = O ,  - - ' < [ < l ;  ( 1 )  
p : l - -  ~ : h,.bR dp 

~ = I:T.~ = f (p), 1--~,< p..( 1-~ X; 

0 < ~ < o o ;  h,~R " Op 

] at, p = 1 - z :  %--~. a---~--r--o, - l < ~ < ~ ;  
(2) 

~=--I:T =f(p), 1--~.~p-.<l-]-~. 

We solve the prob lem of the un i fo rm (in the axial  direction) heat ing of a sect ion of length 2c of the 
ex te rna l  l a t e ra l  sur face  of an unbounded hollow cylinder  for  hea t  exchange with a medium at  z e ro  t e m p e r a -  
tu re  on the r ema in ing  pa r t  of the externa l  sur face  and on the ent i re  in ternal  su r f ace .  

We  find a solution for  the prob lem of an unbounded cyl inder  heated over  the ent i re  ex terna l  l a te ra l  
su r face ,  except  for  a finite (2c) section of heat  exchange.  

In all  the p rob l em s  considered in the a r t i c l e  the conditions on the l a t e ra l  su r f aces  a r e  sa t i s f ied  ex -  
ac t ly .  The coeff icients  in s e r i e s  based  on homogeneous solutions a r e  de te rmined  f r o m  the n o r m a l  (accor -  
ding to Po inca re  and Koch) s y s t em  of a lgebra ic  equat ions .  

We obtain asympto t i c  equations which enable us  to find the intensi ty of the rad ia l  t he rma l  flux on the 
ex te rna l  l a t e ra l  sur face  nea r  the separa t ion  line of the boundary c o n d i t i o n s .  

We c a r r y  out a convers ion  to cases  of modif ied boundary  conditions --  the t he rma l  insulation of the 
pa r t  ~ < 0 of the external  sur face  (L . e . ,  h r a - -O) .  We consider  in detail  the a x i s y m m e t r i c  p rob lem with 
modif ied boundary conditions in the pa r t i cu la r  case  m = - - 1 .  Resu l t s  of the calculat ions make  it poss ib le  
for  us  to judge the effect  of the or thot ropic i ty  of the m a t e r i a l  of the cyl inder  and the f in i teness  of the length 
of the heating section for  var ious  re la t ive  th icknesses  b / a  of the cy l inde r s .  

NOTATION 

p = r / R ,  ~ = z / R ,  d imens ion less  coordinates  [a) ex terna l ,  b) internal ,  R =(a +b)/2) mean radi i  of the 
cylinder];  k =a - -b ) / 2R ,  half of the .relative th ickness  of the cyl inder  wall; hra  ' hrb,  r e l a t ive  coeff icients  
of the heat  t r ans fe r  on the ex te rna l  and internal  sur faces ;  Tv(o, ~)eos~fv z --  (m/'2)Z-/g2~0, pa r t i cu la r  so lu-  
tion of the heat-conduct ion equation 8 / 8 p  (Okr@T/Sp)) +8/8~(h,o/p �9 8T/8~)  +~/0~ (pXz@T/8~_)) =0; g2 =X~/Xr; 

2 2> {} m 0 u - - (m/2}  _ 0 ;  ~'i =~-ta , t he rmal -conduc t iv i ty  coeff icients  ~ [ = c o n s t ,  i = r ,  q~, z) ,  

668 



L I T E R A T U R E  C I T E D  

1. A . A .  Lykov, Theory of Heat Conduction [in Russian],  Vysshaya Shkola, Moscow (1967). 
2. B . M .  NuIler, Pr ik l .  Mat. Mekh.,  34, No. 4, 621-631 (1970). 
3, B. Noble, Methods Based on the Wiener - -Hopf  Technique for the Solution of Par t ia l  Differential 

Equations,  Pergamon (1958). 
4. P ,  Z. Livshits ,  Pr ik l .  Mekh.,  8, No. 11, 9-14 (1972). 
5. P ,  Z. Livshits ,  I n z h . - F i z .  Zh . ,  2.44, No. 6 {1973). 

Dep. 63-75, December  10, 1974. 
Institute of Pharmaceut ica l  Chemist ry ,  Leningrad.  
Original ar t ic le  submitted December  10, 1973. 

USE 

T H E  

OF O R D I N A R Y  D I F F E R E N T I A L  E Q U A T I O N S  TO D E S C R I B E  

H E A T I N G  OF E L E M E N T S  OF A R B I T R A R Y  S H A P E  

A .  K h .  G o r e l i k  UDC536.24 .02  

Lately much considerat ion has been given to a description of the heating of turbine apparatus,  for 
example,  in order  to const ruct  p rograms  for the increase of the pa rame te r s  of the vapor or gas during 
s ta r t -up  based on given limiting differences or velocities of t empera tures  at various points of the elements  
(see, e . g . ,  [1]). 

In [2] ordinary  differential equations were obtained that connected the temperature  of the metal at  
separa te  points of a cylinder and a plane wall with the temperature  of the heating medium, which varied 
in t ime.  

In the present  ar t ic le  the resu l t s  obtained in [2] are  general ized for the prediction of the heating of 
e lements  of a rb i t r a ry  shape. The s t ructure  of the equations of heating are  determined,  and the relat ions 
between the coefficients of the equations, the shape of the elements being heated, and the initial conditions 
are  shown. 

For  heating (cooling) of bodies by a heating medium having the same temperature  on the section sup- 
plying the heat. with insulation f rom the unheated section of the surface or with loss of heat on this section 
it is shown that the temperature  at a point (coordinates of the point x, y, z) of the body being heated @(x, y, 
z, t) with variation of temperature  of the heating medium @0(t) in time t can be represented as a sum of the 
reac t ions  of an infinite number of aperiodic links with coefficients of the force Mn{x, y, z) that decrease  
as a function of the number,  and with time constants T n, and also the initial damping component: 

"~-'~ )Jr~ (x, y, z) + s Nn (x, y, z) Tn 
0 (x, y, z, s) = Oo (s) . ,~ Tr~s + t Tns @ 1 

n = I  n ~ l  

where s is an operator;  Mn(X, y, z) are  coefficients that depend on the shape of the body being heated and 
the coordinates of the point; T n are  coefficients that depend on the shape and conditions of heat exchange 
on the sur faces  of the body being heated; Nn(x, y, z) are  coefficients that depend on the initial tempera ture  
distribution, the coordinates of the point, and the shape of the body being heated. 

In accordance with this express ion,  the temperature  at any point of the body being heated can be de-  
termined as the solution of the following ordinary differential equation with right side 

n ,~ m 

where p is a symbol of differentiation, for the initial conditions: 

e (x, ~, ~, t)It=0 = ~ N~ (~, y, z); 

669 



dO(x, g,z,t) t=o=- -  ' ~  Nn(x,g,z) 
dt n=l Tn ' 

n=** Nn (x, y, z) dmO (x, y, z, t) 
dtm t=O: ( -  1)m m 

n.=.l Tn 

As can be seen, for the determination of the temperature  at any point of the body being heated we 
must  know in the general  case not only the initial value of the tempera ture  at this point, but also the initial 
t empera tu re  distribution; then it is possible to determine Nn(x, y, z). 

In the ar t ic le  we also consider the case of heating of a body on two sections of the surface by a m e -  
dium having different t empera tu res  on these sect ions.  

L I T E R A T U R E  C I T E D  

1. V . S .  E rm akov  and G. I .  Khutskii, I n z h . - F i z .  Zh. ,  14, No. 2 (1968). 
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E X O T H E R M I C  R A D I C A L  R E C O M B I N A T I O N  ON S U R F A C E  OF S O L I D S  

V .  I .  G r y a d u n  a n d  A .  N.  G o r b a n '  UDC 536.244+541.183 

Recombination of free radicals ,  as is known [1], is usually an exothermic p roces s .  Solids on whose 
surface rad ica ls  (e.g.  hydrogen, oxygen, ni trogen atoms) recombine are  cata lys ts  of this react ion and 
s imultaneously absorb the energy re leased (of the order  of a few e lec t ron-vol ts  for each molecule formed).  

The problem of heat distr ibution in a spherical  solid on whose surface chemisorpt ion and radical  r e -  
combination take place is considered.  

The thermal  energy flux of radical  recombinat ion and the heat exchange with the medium are taken 
into account in the boundary conditions. The initial conditions assume that the tempera tures  of the 
sphere and its surroundings are  the same.  

The heat flux appearing in the boundary condition depends on the recombinat ion coefficient and the 
concentrat ion of chemisorbed radica ls ,  which depends, in turn, on the surface temperature  and the t ime.  
The Langmuir  kinetic equation [2] is used to find the concentration of chemisorbed radica ls  on the surface.  
The coefficients of this equation, however,  are  functions of t empera ture ,  which makes it impossible to 
obtain an accura te  express ion for the kinetics of heating of the solid. In the case of low recombinat ion co-  
efficients on the given surface or low part ial  p r e s su re s  of free rad ica ls  in the gas phase the solids are 
only slightly heated and the Langmuir  coefficients can then be regarded  as approximately constant durin~ 
the exper iment .  It then becomes  possible to find an expression for the heat flux and solve the posed prob-  
lem, which in the considered case reduced to the known problem of heating of moist  bodies in a medium 
with constant tempera ture ,  when evaporation occurs  at the surface [3]. 

Values of the steady heating of various powdered crys ta l  phosphors when hydrogen atoms recombine 
on them are  given in [4]. These data agree well with the resu l t s  of our calculation for the steady ca se .  

1o 
2. 
3. 
4.  
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D I S T R I B U T I O N  OF T E M P E R A T U R E ,  H E A T  F L U X ,  A N D  

E L E C T R O M A G N E T I C  F I E L D  I N  A P L A N E  C O N D U C T O R  W I T H  

T E M P E R A T U R E - D E P E N D E N T  C O N D U C T I V I T Y  ( L O W  F R E Q U E N C I E S )  

R .  S .  K u z n e t s k i i  U D C 5 3 8 . 5 6  

In the de te rmina t ion  of the dis t r ibut ion of t e m p e r a t u r e  and e l ec t romagne t i c  field in cu r r en t -hea t ed  
conductors  when the heat  flux is high the local  var ia t ion of the conductivity with t e m p e r a t u r e  has to be 
taken into account .  In a plane conductor Ixl -< 1 of th ickness  2a with cooled su r f aces  the es tabl i shed s teady 
dis t r ibut ions  of t e m p e r a t u r e  and e l ec t romagne t i c  field a re  descr ibed  by a s y s t e m  of nonlinear di f ferent ia l  
equat ions  

t"=--o(u~-§ u " = - - n ~ v ,  o"=n~(ru, (1) 

and h = --  in-2e ' ,  with the following, for  instance,  s y m m e t r i c  boundary conditions: u (1) = 1, v(1) =t(1) =u'  (0) = 
v'(0) = t ' ( 0 )=0  (0_<x_<l). Here  x is the coordinate ,  t is the t e m p e r a t u r e  re la t ive  to the sur face  t e m p e r a -  
ture  of the conductor,  ~ =or(t) is its conductivity (the d imensional  conductivity when t =0 is a0), q = - - t '  is 
the heat  flux densi ty ,  e - u  +iv is the complex ampli tude of the e lec t r i c  field (the d imensional  ampli tude a t  
the sur face  is %), and h=n-2(v  ' --  iu') is the complex ampli tude of the magnet ic  field; the cor responding  
d imens ion less  quant i t ies  a re  a, (o0/k) �9 [(e0a)2/(2 --  5s0)], %, a0e~a/(2 -- 5so), e0 and cr0e0a; n-~a ~0v~-7~,~ is the 
f requency cr i te r ion ;  w is the angular  f requency of the cur ren t ;  k is the t he rma l  conductivity and /~ is the 

1, n =0 F r o m  the functionals of the p rob lem (1) we introduce the absolute  magnet ic  permeabi l i ty ;  5s0~ {0, n~0"  

r e s i s t a n c e  R = n 2 / 2 o ~ •  2 Ix= 1 and the internal  inductance L = ~ a / 2 )  . (u'/le'12)lx =l per  unit square  
sur face  of the conductor .  Below we consider  the behavior  of the functions t(x), q(x), e(x), and h(x) and 
the functionals in the l imit ing case  n << 1 (and n =0), which is nontr ivial  when or' ~ 0. 

When n =0 s y s t em  (1) is in tegrated in quadra tu re s ,  giving t(x) and q(x) (which we denote henceforth 
by the s u p e r s c r i p t  0), e, and h(x): 

/~ ~(0) 

e = ] ,  h=q= V 2 S ~ydt, 
1 

d- -x)  1-~-=.!' 
0 

the las t  equali ty de t e rmines  the constant  t(0) when x =0.  
lhl, r  h, 

dt 
/~t~ o-~-- ' (2) 

l / !~  odt 

For  nonzero  n<<l we obtain for  le!: ~o~arge,  and 

[ i ]  
e~_~.l--n2y--in~! ~ [el~___l--n 4 y---f f-(to) ~- ~ I ,  ,p~_.--n2to~o, iq~j<(1; (3) 

R ~- . . [  

5o "~ / 

/0 /)... 
2 

frO" l fO 10 e ,~ f~ 

! I I ) 
/ 

L" 

Fig .  1. D imens ion less  r e -  
s i s tance  R /R  ~ and internal  

~8 inductance L/L ~ as  function 
of nonl inear i ty  c r i t e r ion  k 

o,. a t  low f requenc ies  ( I o w - f r e -  
i quency c r i t e r ion  n___ 1). 
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h~-~.q~ ', !h]~---q~ -n* J +  (y,)2 ~ q O , ~ m _ n * v < 0 ,  ]~1<<1, 

x 1 x 

w h e r e  a ~ 1 7 6  J ( x ) -  .t [(~176 " a~ y (x )=~  dx f t~176 and v~(x) ts  the solut ion  of equat ion  
0 x 0 

0" + (o~ ' 0 = ~0 [ 2 y ,  (t0)-'l, 0 (1) = 0' (0) = 0. 

F o r  R and L we have ,  r e s p e c t i v e l y ,  

(4) 

(5) 

I 11 n ~  " 1 ~ ~ 1 7 6  [qO(1)]~ [[u'(Dl~+q~ (])l} ' '  qO(D' (6) 

2 y'(1) , n 4 - - . L , x ,  ~1 [[9,(!)]o.+2qO(1)J(1)] ~-~-- ,Cr 
~a - -  [qO (1)1 ~ [qO O)l" iq o (])l ~ �9 (7) 

All the obtained e x p r e s s i o n s  a r e  then made  spec i f i c  for  the ca se  of an i n v e r s e  l i nea r  t e m p e r a t u r e  
de pendence of the conduc t iv i ty  a (t) = (kt + 1)-t  (to which F ig .  1 r e f e r  s),  where  k =- (e 0a)~ (a0/k) �9 [~/(2 - -  5so ) ] 
i s  the non l inea r i t y  c r i t e r i o n  of the p r o b l e m  (a is  the t e m p e r a t u r e  coe f f i c i en t  of the r e s i s t i v i t y )  In  p a r t i c u -  
l a r ,  when k >> 1 we obtain the a s y m p t o t i c  r e l a t i o n s  

e ,~, L t (o) ,~ V ~ -  , 

q(1)_~V ~ . . . .  In.& _ ~h(1) ,  

R '~" R~ ' L "~ L~ l n k "  

w h e r e  R ~ (2b0a} -1, L~  c o r r e s p o n d  to k = n  =0 .  The a s y m p t o t i c  f o r m u l a s  for  the quan t i t i e s  of type 
(8) a r e  va l id  i r r e s p e c t i v e  of the value of n owing to  the i r  known s e l f - s i m i l a r i t y  in the c r i t e r i o n  n when k>> 
m a x  (1; n4). 

D e p .  3219-74,  Oc tober  14, 1974. 
Or ig ina l  a r t i c l e  submi t t ed  M a r c h  15, 1974. 

(8) 

T H E R M A L  F I E L D  O F  A N  I N H O M O G E N E O U S  P L A N E  W I T H  C U T S  

N :  V .  P a l V t s u n  a n d  A .  G G o r b a n '  UDC 517.95 

L e t  u s  d e t e r m i n e  the s t e a d y - s t a t e  t e m p e r a t u r e  f ield of a p lane  of uni t  t h i c k n e s s  with a c i r c u l a r  cutout  
of r a d i u s  R .  The p lane  is  Ln con tac t  with a c i r c u l a r  p la te  of the s a m e  r a d i u s  but  of a d t f f e r e n t m a t e r i a l .  
Along the l ine be tween  the m a t e r i a l s  t h e r e  a r e  n ou ts .  In the p lane  and in the p la te  t he r e  a r e  hea t  s o u r c e s  
of s t r eng th  gl and g2, r e s p e c t i v e l y ,  and a t  the edges  of the cuts  the t e m p e r a t u r e  or  the hea t  flux is  spec i f i ed .  

We f i r s t  d e t e r m i n e  the inf luence of the h e a t  s o u r c e s  on the t h e r m a l  f ie ld of th is  i nhomogeneous  p la te ,  
bu t  without  the cu t s .  We w o r k  f r o m  the equa t ion  fo r  the t e m p e r a t u r e  p r o p o s e d  by  P r u s o v  [1], which u s e s  
p i e c e w i s e - h o l o m o r p h i c  func t ions :  

\ i-  } - iz " o-0 (rs + ~ns), (2)  

vj (z)-- -5-- vj -7 -  = 7 - "  ~- r  ( r j +  ~nj). (3) 

H e r e  F[(z) =f  F i (z)dz (j =1,  2); Fj (z) a r e  func t ions  which a r e  h o l o m o r p h t c  e v e r y w h e r e  in the r e g i o n s  D-  (Izl > 
+ < " . 2--1  . . . .  R),  D (Izl R),  excep t  a t  the points  z =zj and z =R z i , and ~(x,  y) i s  some  a u x f l m r y  h a r m o m c  func tmn  d e -  

f ined in the s a m e  r eg ion  a s  T(x,  y) .  A s s u m i n g  [ d e a I t h e r m a l  con tac t  a t  the l ine L s e p a r a t i n g  the m e d i a ,  
we find the l i nea r  ~', , ,]ugate p r o b l e m  
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(F~--FI)+- }- (F 2 --  FI)- = 0 on L, 

(F2 § k&) + -- (Fz § kF1)- = 0 on L, (4) 

where k =k l /k  2, and k 1 and k 2 a r e  the t he rma l  conductivi t ies  of the m a t e r i a l s  in regions  D-  and D +. After  
de te rmin ing  the piecewise  holomorphic  functions Fl(z) and F2(z ) f r o m  Eqs .  (1), we find the t e m p e r a t u r e  
field of the [nhomogeneous plane.  

In solving this p rob lem of a homogeneous plane with cuts we a s s u m e  that boundary condltion (4) holds 
in reg ions  in which the media a re  in contact .  Assuming  this boundary condition, we wri te  

F 2 (z ) -F  l(z)=F3(z), z@D +, 

F2(z ) - -FI  (z) = --F3 (z), z~  D- ,  (5) 
F 2(z)~kF !(z)=F4(z), z c D = D - - } - D  +. 

Knowing that the functions F3(z ) and F 4(z) a r e  p ieeewlse -ho lomorph ic  over  the ent i re  plane of the 
complex var iab le ,  except  at the cuts and a t  isolated s ingular i t ies  zj and R2z. - l ,  we use  (5) to find the func-  
tions F l(z) and F 2 (z) in t e r m s  of F 3(z) and F 4(z). The de terminat ion  of the ] tempera ture  field in the regions  
D-  and D + f r o m  (1)-(3) r educes  to the p rob lem of de termining  two functions,  F3(z ) and F4(z ), which are  
p iecewise -ho lomorph ic  in region D, as  functions of the specified boundary  conditions at  the cuts .  We a s -  
sume that the values  of the functions ~j and their  normal  de r iva t ives  at  the s ides  of the cuts vanish.  

This p rob lem has been solved in closed f o r m  for  Dir ichle t  and Neumann boundary conditions spec i -  
fied at  the cuts .  

The solution method is i l lus t ra ted  by an example .  

L I T E R A T U R E  C I T E D  

1. I . A .  P rusov ,  Cer ta in  P r o b l e m s  of The rmoe la s t i c i t y  fin Russian] ,  Izd.  BGU im.  V. I .  Lenina, 
Minsk (1972). 

Dep.  53-75,  D e c e m b e r  16, 1974. 
Original a r t i c l e  submit ted July 16, 1973. 

E S T I M A T E  OF T H E  T H A W I N G  Z O N E S  A N D  H E A T  L O S S  

N E A R  A P I P E  B U R I E D  I N  F R O Z E N  G R O U N D  

B .  A .  K r a s o v t t s k i i  a n d  B .  L .  K r i b o s h e i n  UDC 5 3 6 . 4 2 : 6 6 2 .  998 

The planning of pipeline in f rozen ground r equ i r e s  knowledge of the heat  loss  in the surrounding 
medium in order  to c o r r e c t l y  evaluate  the product ivi ty ,  and it is a l so  n e c e s s a r y  to know the s ize of the 
reg ion  in which the soil thaws in order  to de te rmine  the conditions providing stabil i ty and s t rength of the 
pipe and its foundation. The genera!  formula t ion  of this p rob lem can be solved only by numer i ca l  methods 
on powerful  c o m p u t e r s .  For  approx imate  e s t i m a t e s ,  which a r e  worthwhile in the predic t ion  s tage,  in the 
absence  of survey ing  data,  i . e . ,  if the t he rma l  and other physical  c h a r a c t e r i s t i c s  of the soil a r e  essent ia l ly  
unknown, a " c rude r "  model can be used.  To find an approx imate  solution of this p rob lem we use the follow- 
ing assumpt ions :  a) The a i r  t e m p e r a t u r e  is constant ,  equal to the ave rage  annual t e m p e r a t u r e ,  and at  a 
level below 0~ b) in the thawed soil around a w a r m  pipe the governing fac tor  is the rad ia l  heat  flux f rom 
the pipe, while in f rozen  soil near  the a i r  the governing fac tor  is the ve r t i ca l  heat  flux toward the sur face  
with the a i r ;  c) the t e m p e r a t u r e  distr ibution Ln the thawed and f rozen zones  if quas ts teady,  i . e . ,  a g r e e s  
with the s t eady - s t a t e  solution for  a given fixed posit ion of the thawing boundary .  Under these  conditions 
the p rob lem of de te rmin ing  the configurat ion of the thawing boundary  r educes  to the solution of a f i r s t -  
o rde r  par t ia l  di f ferent ia l  equation. This equation, tn turn,  r educes  to a sy s t em of two f i r s t - o r d e r  ord inary  
dtfferent ia l  equat ions.  The la t te r  a re  solved by mesns  of s tandard p r o g r a m s  on smal l  compu te r s .  After 
the t ime evolution of the thawing region is found, it is a s imple  ma t t e r  to evaluate the heat  flux f r o m  the 
pipe to the soil .  In addition, an equation was found for the heat  flux into the soil over  long per iods  of t ime .  

The resu l t ing  solutions were  used in calcula t ions  for  specif ic  pipel ines .  Compar i son  of the r e su l t s  
of these  calculat ions with the numer i ca l  solution of the p rob lem shows that  these solutions can be uaed to 
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evaluate the heat  flux f r o m  a pipeline in f rozen soil and to de te rmine  the configuration and propagat ion of 
the thawing f ron t .  

Dep.  3216-74, October 29, 1974. 
Original a r t i c le  submit ted August 23, 1973. 

A P P R O X I M A T E  M E T H O D  OF C A L C U L A T I N G  F I L T R A T I O N  

P A R A M E T E R S  I N  M E T A L L O C E R A M I C  F I L T E R S  

P. M .  Z a b r i d n i i  

The fundamental  f i l t ra t ion p a r a m e t e r s  of m e t a l l o c e r a m i c  f i l t e r s  a r e  usual ly  calculated by r e f e r e n c e  
to fo rmulas  incorpora t ing  exper imenta l  coeff ic ients .  This method of calculat ion is t roub lesome and inac-  
cura te .  

The instantaneous de l ive ry  of a f i l ter  is equal to 

dW ApF ~ _  

The volume of oil pass ing  through the f i l ter  is 

W =  F~ ( V I _ t  2ApxoroT: 1 ). 
Xoro [L~ , 

The r e s i s t a n c e  of the deposi t  fo rmed  on the surface  of the f i l ter  b a r r i e r  equals  

goXo W 

~ - -  F ' 

while the r e s i s t a n c e  of the f i l ter  b a r r i e r  i tself  is 

~2 : COn,St. 

For  a constant  flow of oil the p r e s s u r e  drop in the f i l ter ,  equal to 

@ = .aV (~2 + Vxoro'O, 

should inc rease  in acco~:dance with a l inear  taw until the pe rmi s s ib l e  l imit  is  reached,  a f ter  which the f i l -  
t e r  should be cleaned or r ep laced .  

If,  however ,  the p r e s s u r e  drop is constant,  the instantaneous de l ivery  of the f i l ter  is 

# _  F&, 1 

~ / 1  t ~ Xoro'~ 

i . e . ,  it f a l l s .  

The r e s i s t ance  of the f i t ter  depends on the dimensions of the pa r t i c l e s  in the oil.  The g rea t e s t  r e -  
s i s tance  is offered by pa r t i c l e s  with d imensions  slightly g r ea t e r  than the pores  of the f i l t e r .  The pa r t i c l e s  
then s t ick in the pores  and the number  of open pores  gradual ly  d imin i shes .  

Actually pa r t i c l e s  of vary ing  size invar iably  fall  into the oil; their  dis t r ibut ion m a y  be analyzed by 
means  of a distribution function or h i s t og ram.  In genera l  we have the equation 

0 

This equation may  be solved approximate ly  in the fo rm of power s e r i e s  or  by any of the well-known 
numer i ca l  methods;  however ,  it is convenient to havean  (even approximate)  analyt ical  express ion  for  W/Ap. 
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The foregoing equation contains exper imenta l  quantit ies specified to an accu racy  of 30:7o. We shall consider  
that  f = FAp/p is specified to within 25-30~ 

Using the method of exper imenta l -coef f ic ien t  variat ion developed by M. Ya. ]~rovman, we may- r e -  
gard arty function [1, f2 . . . . .  fn as taking values lying in the ranges  ot~ "equal probabil i ty '~ (25-3(~) at the 
boundary of the region and at the initial instant of t ime .  We should take account of the des i rabi l i ty  of 
choosing the most  "indefinite" quanti t ies,  s ince it is these which de termine  the expedient  accuracy  in the 
calculat ions.  

F r o m  the la t ter  equation we have 

A L[r-~--0 Ax~ [ ~ --',' k~2.~ )~-F ~2o (1 -r-,'Abr+c'O]=f. 

For  T =0,A~20 =f0" 

Refe r r ing  f to its exact  solution f0 and ca r ry ing  out cer ta in  t ransformat ions ,  we obtain 

f -- l-~- A,bB, A~ro.,:oozB (\ _~._) 
l0 2 ] / ' l ~ ' v  + o r +  2) , ' l+B ' rFo .~  1+ �9 

The coefficients  A i and B may be determined f rom the condition that f/f0 should be specified at  two 
par t icu la r  instants of t ime.  

If the quantity f/f0 l ies within the range of "equal probabil i ty" of the par t i cu la r  accuracy  with which 
the quanti t ies in the equation a re  specified,  the l inear  approximation for W('r) will constitute a sa t is factory  
a ppr oximation.  

Dep. 62-75, September  12, 1974. 
Original a r t ic le  submitted March 22, 1974. 
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