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In the monograph  a s y s t e m a t i c  p resen ta t ion  is given of the modern  concepts concerning the movemen t  
and heat and m a s s  exchange of v i seoplas t ic  l iquids ,  which involves pe t ro leum and many of its de r iva t ives ,  
highly viscous fuels ,  suspens ions  of nuc lea r  fuel, m i n e r a l  and organic  oils,  and concent ra ted  suspens ions ,  
emuls ions ,  and solutions of var ious  subs tances .  The flow of these liquids in pipes ,  channels ,  and t h e r m o -  
chemica l  appara tus  and the i r  f i l t ra t ion through porous  media  a r e  an obl igatory e lement  in many  manufac -  
tur ing p r o c e s s e s  and a r e  widespread  in a number  of branches  of industry .  

The pr inc ipa l  mechan ica l  models  of v i scoptas t ic  media  and the s y s t e m s  of d i f ferent ia l  equations 
cha rac te r i z ing  them a re  examined in the monograph  (Chapters  I and I1). Then exact  and approx imate  so lu-  
tions of these equations a r e  given for  s t r a igh t - l ine  and c i r cu l a r  movemen t  of a v i scoplas t ic  liquid, as well  
as s e v e r a l  o ther  cases  (Chapters  III and IV). Then p rob lems  of v i scoplas t ic  flow in the p re sence  of impact  
loads and with al lowance for  hardening and thixotropic effects  a r e  studied (Chapter  V). 

The sec t ions  of the book devoted to calculat ions of p r o c e s s e s  of nons ta t ionary  heat  exchange (Chapter  
VII) and nonsteady diffusion (Chapter  IX), which a r e  very  in te res t ing  and impor tan t  for  applicat ion,  a re  of 
spec ia l  in te res t .  The s e l f - s i m i l a r  p rob lems  examined by the authors  (a p l ane -pa ra l l e l  s lo t  channel and a 
round cyl indr ica l  pipe) a re  e x t r e m e l y  compl ica ted  since they requi re  the conjugation of the t e m p e r a t u r e  and 
and heat  fields a t  the boundaries  of the zones of viscous flow and the quasisol id  co re .  These boundaries  
a re  not known in advance and the i r  de te rmina t ion  even for  s imple  s teady flows is connected with c u m b e r -  
some and difficult ca lcula t ions .  

In diffusion p rob l ems  the movemen t  of suspended par t i c les  through the ca r ry ing  medium is studied, 
as well  as the d i sp lacement  of v i seoplas t ic  media  in a round cyl indr ica l  pipe with a s t ruc tu red  mode of 
flow. 

A cons iderable  pa r t  of the book is devoted to the considera t ion  of applied p rob lems ,  including pipeline 
t r a n s p o r t  (Chapters  VI and VIII), the dri l l ing of deep wells (Chapters  VIII and X), and the exploitat ion of 
oil deposi ts  (Chapter  XI). 

The authors  employ the m o s t  var ied  opera t ional  methods for  the solution of nons ta t ionary  p rob lems  
of the movemen t  of v i scoplas t ie  media:  the method of the potential  of a single and a double l ayer ,  boundary 
l aye r  theory,  in tegra l  t r ans fo rma t ions ,  and the Kolodner method.  

The exact  solut ions,  as a rule ,  a re  s e l f - s i m i l a r  and a re  used  by the authors  to e s t ima te  the degree  
of a ccu racy  of the approx imate  methods .  

Along with a s y s t e m a t i c  p resen ta t ion  of the known resu l t s  the authors  p r e sen t  a whole s e r i e s  of new 
solutions (Chapters  VI, VIII, and IX). In Chapter  VI (pp. 233-243) the authors  show, us ing the method of 
N. A. Slezkin and S. M. Ta rg ,  that when a dri l l ing ins t rument  is dropped into a well  containing a clay 
solution the iner t ia l  fo rces  cons iderably  affect  the hydrodynamic  p r e s s u r e .  

The theore t ica l  and expe r imen ta l  studies of hydraul ic  shock during the movemen t  of a v iscoplas t ic  
liquid in a pipeline made of v i scoe las t i c  and v iseoplas t ic  m a t e r i a l  is covered  in Chapte r  VI, Pa r t  2. The 
effect  of the coeff ic ient  of v i s cos i t y  of the pipe m a t e r i a l  and on the shock p r e s s u r e  in the liquid is explained 
by this  study. 

* Izd. Mosk. Gos. Un-ta, (1970). 
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The movement  of an ordinary viscous liquid is examined in Chapter VIII, and while it does not gen- 
era l ly  pertain to the theme of the monograph the individual resul ts  are used later  to simplify the solutions 
of a number  of problems on the flow of viscoplast ic  liquids, to est imate the effect of the initial conditions, 
and in other cases .  

Examples of the application of hydrodynamics to the study and analysis of a number  of technological 
problems of the petroleum industry are  presented in Chapter  X. Attention is par t icu lar ly  a t t racted here by 
the formulat ion and method of solution of inverse problems of hydrodynamics pertaining to well drilling 
suggested by the authors .  

Solutions are  also given for problems on hydraulic shock during the lowering of a column of casing 
pipes into a well, on the effect of rotation of a drill  on the hydrodynamic p ressu re  and its ext remal  values, 
on the effect of pumping on the hydraulic res i s tance ,  on the movement  of a clay solution in a perforated 
pipe, and on the rapid withdrawal of the solution f rom the well and the conditions of the appearance of hy- 
draulic destruct ion of the s t ra tum in this case .  

There  are  defects in the monograph.  There are  no persuasive  arguments  in favor of the application 
of rheostable mathemat ica l  models to problems of nonsteady flow and heat and mass  exchange. The works 
of G. D. Rozenberg,  A. A. Movsumov, R. M. Sattarov, and others have experimental ly  confirmed the appli- 
cability of the viscoplast ic  model to nonstat ionary p roces se s .  In soil mechanics  there are  experiments  
which confirm this model for clays and muds (N. N. Maslov and others) .  The resul ts  of these experiments  
should have been presented in the book. 

All the conditions of the problems examined are  not always c lear ly  d iscussed.  For  example, on p. 91 
(paragraph 3) and in other such problems,  the movement  of a viscoplast ic  liquid between paral le l  permeable 
plates is considered and here  it is not mentioned that there is a constant velocity component normal  to the 
plates.  In the problem on p. 95 it is not pointed out that there is a l inear source located at the axis of the 
pipe. This can produce an incor rec t  impress ion  concerning the breakdown of the flow continuity. 

Insufficient attention is paid to the est imate of the e r r o r s  of some of the approximations introduced 
by the authors (for the dependence of the fi l trat ion rate on the p res su re  gradient,  for  example) and of the 
methods of calculating viscoplast ic  flow based on the neglect  of individual t e rms  in the equations (for long 
t imes,  for example).  

The book is the f i r s t  monograph which general izes  the l i terature  on nonstat ionary problems of heat 
and mass  t rans fe r  in rheologically complex media.  It will undoubtedly a t t rac t  the attention of invest igators ,  
teachers ,  engineers ,  and technicians.  
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I N T R O D U C T I O N  T O  F L U I D  M E C H A N I C S *  

R e v i e w e d  b y  L .  P .  O r l o v  

The branch  of physics  mos t  dignified by age,  fluid mechan ics ,  continues to be a dynamical ly  develop-  
ing science constantly enr iched  by new ideas ,  methods ,  and p r o b l e m s .  The intensive scient i f ic  r e s e a r c h  
work  in the f ield of hydromechanics  demands of un ivers i ty  t eache r s  the continuous re f inement  of the content 
and s t ruc tu re  of the cor responding  academic  d isc ip l ines .  No easy  task  is se t  before  them -- f r o m  the 
enormous  volume of accumula ted  informat ion to se lec t  and include in the lec ture  course  a reasonable  min i -  
m u m  of m a t e r i a l  in o r d e r  to acquaint  the students with the fundamental  concepts of modern  hydromechanics  
in a fixed and re la t ive ly  b r ie f  t ime .  Usual ly  the p roce s s  of repea ted  reading of a lec ture  course  is com-  
pleted by the wri t ing of a new textbook ref lec t ing the sc ient i f ic  teaching c redo  of the l e c t u r e r .  The book 
under  review was wr i t t en  on the bas is  of an exper imen t  in the teaching of hydromechanics  for  a number  of 
y e a r s  at  Purdue Univers i ty .  

The content of the book is a r b i t r a r i l y  divided into four  par t s :  1) the physica l  model  of a fluid in hy- 
d romechan ics  (the f i r s t  chapter  "introduction" and the second "Fundamenta l  concepts" ;  2} a descr ip t ion  
of the ma thema t i ca l  appara tus  (the fourth chapter  "Fundamenta l  equations in in tegral  f o r m  for  the r e fe rence  
vo lume" ,  the fifth "Introduct ion to different ia l  ana lys is  of fluid mot ion" ,  and the seventh "Dimensional  
ana lys i s  and s imi lar i ty"};  3) the dynamics  of an incompress ib le  fluid (the third chapter  "Hydros t a t i c s " ,  
the sixth "Dynamics  of incompress ib le  nonviscous flow", and the eighth " Incompress ib le  viscous flow"); 
4) gas dynamics  (the ninth chapter  "Introduct ion to c o m p r e s s i b l e  flow" and the tenth "One-d imens iona l  
c o m p r e s s i b l e  flow"}. The cons is tency of the p resen ta t ion  is uni form in  the good sense  of the word: the 
care fu l  formula t ion  of the bas ic  equations with the n e c e s s a r y  indication of the conditions of the i r  app l ica -  
bil i ty p recedes  their  use in concre te  s i tuat ions .  

The in t roductory  chapter  begins with a definition of the t e r m  "fluid",  which in English implies  both 
a liquid p rope r  and a gas .  Then the sphere  of technological  appl icat ions of hydromechanics  is outlined 
schemat i ca l ly .  The concept  of the r e fe rence  volume and the Lagrangian  and Eule r ian  methods of descr ib ing  
fluid motion a re  introduced in this chap te r .  The var ious  s y s t e m s  of m e a s u r e m e n t  units a re  d iscussed  in 
conclusion.  Judging f r o m  the content of the f i r s t  chapter ,  the authors  a s sume  that the r e a d e r  is a l ready  
f a m i l i a r  with courses  in c l a s s i ca l  mechanics  and the rmodynamics  and p o s s e s s e s  the methods of different ia l  
and in tegra l  calculus .  Continuing the descr ip t ion  of the physica l  model  of a fluid adopted in hydromechan-  
ics ,  in the second chapter  the authors  validate the c o r r e c t n e s s  of the appl icabi l i ty  of continuous r e p r e s e n -  
tations in m a c r o s c o p i c  phys ics .  The following concepts used  sys t ema t i ca l l y  l a t e r  appea r  here:  the veloci ty 
field,  the s t r e s s  field,  v i scos i ty ,  s t r e a m l i n e s ,  sur face  and vo lumet r ic  fo rces ,  and l amina r  and turbulent  
modes .  

The equations of conserva t ion  of m a s s ,  momen tum,  and angular  momen tum and the f i r s t  and second 
laws of t he rmodynamics  in in tegra l  f o rm and the equations of conserva t ion  of m a s s  and momen tum in dif- 
fe ren t ia l  f o r m  a re  fo rmula ted  in the fourth and fifth chapters  and the veloci ty  potential  and cu r ren t  function 
a r e  introduced.  An e l e m e n t a r y  outline of the theory  of dimensional i ty  and s imi l a r i t y  is p laced in the 
seventh chapter ,  the purpose  of which includes the ins t ruct ion of the r e a d e r  in the appl icat ion of the 
Buckingham p i - t h e o r e m  to var ious  p r o b l e m s ,  the explanation of the physical  meaning of the m o s t  common 
d imens ionless  n u m b e r s ,  and providing a concept  of the geomet r i ca l ,  k inemat ic ,  and dynamic s imi l a r i t i e s  
of physica l  phenomena.  

* J o h n W i l e y  andSons ,  N. Y. (1973), 630 pp. 
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Hydrostat ics  is the subject  of the third chapter .  The inventory of questions touched on in it is quite 
s tandard for  textbooks on applied hydromechanics :  the p res su re  distribution in a s ta t ionary fluid with dif- 
ferent  assumptions concerning the equation of state and the calculation of the p res su re  of the fluid at the 
surface of objects i m m e r s e d  in it. In the sixth chapter  the Euler  equations are  introduced and the 
Bernoulli  and Cauchy--Lagrange integrals  are  obtained. The dynamics of a viscous incompressible  fluid 
are  examined in detail in the very long eighth chapter .  The chapter  is divided into six sect ions .  In "A" 
viscous flows are  classif ied into internal and external ,  and it is indicated that both the fo rmer  and the latter 
can exist  in laminar  or  turbulent modes depending on the Reynolds number .  The principles of developed 
laminar  flow are studied in section B on the c lass ica l  examples of Couette and Poiseuil le flows. Pointing 
out that the i r revers ib le  convers ion of mechanical  energy  into thermal  energy occurs  during fluid move-  
ment in pipelines, the authors in sect ion C present  methods of calculating mechanical  energy losses caused 
by i r revers ib le  p r o c e s s e s .  Section D is devoted to elements of boundary layer  theory and section E to the 
calculation of the forces  acting on bodies in a fluid flow. A descript ion of simple devices for  measur ing  
the flow rate of a fluid is given in section F.  

The following questions are examined in the concluding ninth and tenth chapters:  thermodynamics  of 
an ideal gas,  propagation of sonic waves,  the Mach cone, the pa rame te r s  of tsentropical ly re ta rded  flow, 
one-dimensional  flows of a compress ib le  gas,  shock waves.  

All this indicates that the authors were able to present  in an educational text all the main problems 
compris ing the basis of the mechanics  of liquid and gas .  The textbook produces a good impress ion as a 
whole. Two mer i t s  of the book worthy of attention should be distinguished to begin with. F i r s t ,  the book 
is sa turated with a large number  of interest ing examples of the solution of p rob lems .  By such a method- 
ological device the authors not only achieve a deepened understanding of the subject  but also attain the 
prac t ica l  mas te r ing  of its method. Second, it is very  important  that a l ready in the f i rs t  stage of ins t ruc-  
tion the fruitfulness of methods of the theory of dimensionali ty and s imi la r i ty  is demonstra ted to the 
student, so that considerat ions using the proper t ies  of the invariance of relat ionships relative to the choice 
of the units of measuremen t  and the physical  scales  of the phenomena become a more  effective instrument  
for  the study of physical  real i ty .  The fact  that the physical  essence  of each newly introduced concept is 
i l lustrated with an analysis  of simple situations should also be noted among the undoubted mer i t s  of the 
book. All the calculations are  ca r r i ed  out in detail, which makes it possible to easi ly follow the course  of 
the authors '  d iscuss ions .  The percept ion of the instruct ional  mater ia l  is facil i tated by the presence  of 
numerous  accura te  and express ive  f igures .  A large number  of problems of different degrees of difficulty 
are  given at the end of each chapter  for  independent solution to make the study of the book more  act ive.  
The authors have placed a valuable s u m m a r y  of the equations of vector  analysis  and auxil iary tables in an 
appendix, rel ieving the r eade r  of the t roublesome obligation of turning to other handbooks in searches  for 
re fe rence  information.  The l i t e ra ry  style and the quality of the printing deserve a high es t imate .  

Unfortunately, despite the ra ther  considerable size of the book (630 pages), no place was found in it 
for such interest ing problems of modern  fluid mechanics  as the Navier--Stokes equations for  a c o m p r e s -  
sible viscous fluid, surface and internal waves,  thermal  gravitat ional  convection, and the movement  of a 
conducting fluid in an e lec t romagnet ic  field. The absence of answers  and hints to the problems deprives 
the reader  of the possibil i ty of quickly discovering e r r o r s .  It would have been desirable to equip the book 
with a list  of nomencla ture .  

The drawbacks mentioned do not reduce the pedagogical value of the book reviewed.  It can be useful 
to students and teachers  of higher educational insti tutions.  The f o r m e r  can use it for  the sys temat ic  study 
of the fundamentals of hydromechanics  and the lat ter  as a convenient basis for a lecture course .  However, 
considering the presence of various native and t ransla ted manuals in Russian on the problems t reated in 
the book under review, its t ranslat ion into Russian is c lear ly  inadvisable. 
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