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Calculations on diffusers are difficult, particularly in the presence of flow separation. Moreover, in engineering 
practice, separation is the role, since attached flow is possible only at small angles, which means large, usually unac-  
ceptable dimensions. The lack of a theoretical basis for such diffusers, on the one hand, and the existing demand for 
them, on the other, have led to the formulation of simple methods of calculation, based on a generalization of test 
data, In developing these methods it is natural to compare the experimentally observed losses with values determined 

by analogy with what has been done for tubes on the basis of one-dimensional considerations. If it is assumed that at 
each section of a diffuser the friction coefficient ~ is the same as in a tube, then the loss coefficient for a conical dif- 
fuser found in this way will be [1] 

(1) 
I f - -  8 s i n ( O / 2 )  1 - - - - ~  , (1) 

where n is the expansion ratio and @ the expansion angle. Accordingly, losses computed in this way are conventionally 
called friction losses. 

It turns out that the loss coefficient g found experimentally exceeds gf, the difference being greater, the greater 
the expansion angle of  the diffuser. The difference gd = g - gf is called the expansion loss coefficient. Experimental 
data [1] for conical  diffusers have shown that the quantity 

~p = (~ - -  ~ f ) / ( 1 - - 1 / n )  2 (2) 

depends on the expansion angle and is practically independent of n. Knowledge of the experimental relation ~ (e)  has 
made it possible to develop a method for calculating diffusers with straight generators, which are widely used in various 
branches of engineering. 

This method has been extended to curved diffusers by introducing local expansion angle [2]. 

It should be noted that at comparatively large expansion angles, when flow separation occurs, which is the most 
frequent case ~n engineering situations, the above methods are apparently most reliable. Moreover, in view of the ab-  
sence of an adequately developed theory of separated flow, it is still not possible to formulate an effective method of 
designing separated-flow diffusers based on a multidimensional model of a viscous fluid. 

As regards small-angle diffusers without separation, modern methods of boundary layer theory allow the losses to 
be determined in the simplest cases [3, 4]'  Such methods, however, are very laborious, because of the need to allow for 
the boundary layer reaction. Nevertheless, ,use of the methods of boundary layer theory allows one, in principle, to 
modify the described method for designing diffusers [1, 2]. Notably, the coefficient ~f should not be found from (1), but 

�9 should be determined from the calculated boundary layer data up to separation [8, 4]; Knowing ~f and the experimental 
dependence of ~ on @ and n, we can still find the dependence of ~ on @ and n from (2). If it turns out, as before, that 

is practically independent of n, then the function ~ (e)  may be taken as the basis of a modified method of calculating 
losses in the diffuser. In this case, the division of the losses into two parts would have greater justification. 

It should be noted that modification of the method would lead to improvement in designing small-angle diffusers 
and would make practically no difference in the majority of diffuser applications, since separation occurs close to the 
entrance section. 

This point of view was discussed in detail at the 1960 All-Union Conference on Diffuser Design at Kiev, where a 
controversy arose over Zaryankfn's papers [8] and [5-7]. Zaryankin argued against dividing the losses in diffusers into 
friction losses and expansion losses. If it is merely a question of names, such a dispute is superfluous, since the compo- 
nents Ef and Ce of the total losses need n o t ,  in general, be given names at a11. The results of a calculation do not de-  
pend on this at a11. As far as the physical meaning of the coefficients is concerned, calling ~f the friction coefficient in 
the modified method described above is actually more natural. The situation described is well known to workers in the 
diffuser flow field, and the insistence with which Zaryankin repeats his explanation in each paper [5-8] is surprising. 

On this note the matter might rest, but unfortunately there are several errors in papers [5-8], of which the most 
important are analyzed below. 

1. It is asserted in [5-7] that existing methods of evaluating the losses from the characteristics at the exit sections 
of the channel are unsuitable, if an appreciable change of velocity occurs there. It is obvious, however, that in any case 
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the losses are determined by the values of the pressure and the ve loc i ty  distributions at the entrance and exit  sections. 
In the case of an external  problem, the pressure at the end section is determined by the potent ia l  flow, with al lowance 
for the boundary layer react ion (see [9], for example) .  In the case of channel  flow with a potent ia l  core, the pressure 
at the channel  ex i t  is determined by the in tegral  characteris t ics  of the boundary layer  and the area ~atio n of entrance 

and exi t  sections. On the basis of these arguments, for unseparated flow in channels with a potent ia l  core i t  is easy to 

obtain a formula giving the loss coeff ic ient  g as a function of n and the conventional  boundary layer thicknesses at the 
exi t  section [3]. 

The at tempt  to derive a s imilar  formula with the same assumptions in [5-7] contains a crude error in that  the 
author takes what are essential ly variables out from behind the differentiat ion sign. This error was pointed out in a re -  

view of paper [5]. As a direct  result of this error, Zaryankin obtained a formula for g, from which s temmed the above 
erroneous assertion that g is not determined solely by the characterist ics at the end sect ion of the channel .  A s imi lar  
mistake was also overlooked in calcula t ing the losses in annular diffusers [6]. 

2. There is thus no doubt that  it is possible to determine  the losses from the formula given in [3]. The only ques- 
t ion is in the method of ca lcula t ing  the boundary layer thickness at the end section.  It is known that, when there are 
large posit ive pressure gradients, s ing le -parameter  methods of ca lcula t ion  give very approximate values of the boundary 
layer thickness. It is precisely  in the unre l iab i l i ty  of the method of ca lcula t ing  the conventional  thicknesses at large 
pressure gradients that  we ought to seek the cause of the discrepancy between the exper imenta l  data and theory.  It is 
therefore quite inconclusive that in an  exper iment  on one diffuser (n = 2, | = 10 ~ Zaryankin [5] obtained bet ter  agree-  
ment  with his incorrect  formula than with the correct  formula of [3]. It is even less convincing that the internal  losses 
in the diffuser concerned are smal l  compared to the losses due to the exi t  ve loc i ty  and are determined from the exper i -  
menta l  data as the small  difference of two large numbers. Agreement  is obtained in [7] between exper imenta l  and the-  
oret ical  data for a diffuser with | = 10 ~ and n = 3 .46.  This agreement  can only create  confusion, however, since 
Zaryankin showed in [5] that in this diffuser separation must occur at a sect ion where n is  somewhat greater  than 2, while 
the theoret ica l  formula was derived on the assumption of at tached flow, 

3. In [8] the author a t tempted to justify theore t i ca l ly  for 311 angles | the formula 

---- q0(1 - -  l /n)  ~, (3) 

in which ~o is a function only of the expansion angle.  The derivat ion of (3) contains a number of errors and unsupported 
assumptions. The author expands g = f ( ~ , n )  in a power series in l / n :  

1 1 
= % --~ qh - -n  q- % - - ~  @ ' ' ' '  (4) 

truncates the series at the term containing 1/n 2, and then puts n = 1 in determining the coefficients in the expansion, 

The unsoundness of this procedure hardly needs explanat ion.  Moreover, for some reason i t  is assumed t h a t ~ - n  g = 0, 
g = l  

while the ratio ~oz/~o0 is constant and even equal to unity.  Such arb i t ra ry  assumptions about the coefficients of (4) could 
result in any formula, 

As regards the use of the well-known representation of losses in the form (3), the value of this formula lies in the 
fact  that  at sufficiently targe @, ~o is found in prac t ice  to depend only on ~ ,  and therefore there is only one function 
~o(G) requiring exper imenta l  determinat ion.  This function has been found on the basis o f  a 1argo number of experiments .  

The use of (3) ceases to make sense at smal l  angles | because then ~0 depends appreciably  not only on G, but also on n. 
In view of this, exper imenta l  determinat ion of ~(~,  n),is equivalent  to exper imenta l  determinat ion of g(e,  n), and for 

small  angles there is no advantage in representing the losses in the form (3). This is precisely  why it  becomes necessary 
to separate the friction losses or the losses in the unseparated part  of the diffuser, 

We note, finally, that in [8] the wish is expressed that  the "general  concepts of aerodynamics" be applied to de -  
termine losses in curved diffusers. The authors of this note concur in this ,~ish, but deem it advisable that ,  while gener-  
al methods of ca lcula t ing viscous fluid flow are being evolved, efforts should also be directed to creat ing engineering 
methods of design based on the genera l iza t ion of exper imenta l  results. One such a t tempt  was made in [2] and la ter  in 
[10, 11]. 
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The theoretic'al determination of total pressure losses and other aerodynamic parameters in two-dimensional and 
axisymmetric channels is often difficult. In connection with the recent appearance of certain misleading papers on this 
subject and the existing confusion of terminology, further discussion is very desirable. 

In the two preceding notes two main questions were raised: the use of methods of boundary layer theory to ca lcu-  
late hydraulic losses in unseparated diffuser flow and the possibility of dividing Iosses in diffusers with separated flow into 
"friction losses" and "expansion losses" using generalized empirical relations. 

Zaryankin is right in criticizing the lack of a physical basis for dividing the losses in diffusers into two components 
This was clear even to the author of the method, Idelchik, who stressed that the separation was arbitrary [1]. It is dif- 
ficult to agree with Zaryankin, however, when he rejects the approximate engineering method, without offering any- 
thing in its place other than the statement that a solution of the problem is desirable "on the basis of the general 
concepts of the aerodynamics of the mechanism of losses" [26]. 

The status of both issues is correctly outlined in [27], where a sound review of Zaryankin's position is offered. 

Let us discuss the above points in more detail. 

An arbitrary division of the total pressure losses in diffusers into two components ( ' f r ic t ion losses" and "expansion 
losses") was proposed by Idelehik in deriving an engineering method for calculating the losses in diffusers for all possible 
values of the expansion angle [1]. Since the so-called "friction losses" are very small at comparatively large expansion 
angles, while the "expansion losses" are determined on the basis of a generalization of the experimental data, it is 
natural that Idelchik's proposed interpolation formulas for not very small diffuser expansion angles should give results 
close to reality. 

Both terms - "friction losses" and "expansion losses" - are very imprecise. If, in using the term "friction losses," 
we have in mind friction within the fluid, then the term "expansion losses" loses its meaning, since all the losses stem 
from viscosity of the fluid, i . e . ,  friction. Since the quantitative determination of the friction losses involves calculat-  
ing the friction force at the walls of the diffuser channel, the question arises whether the friction losses may not be re-  
duced to friction at the walls. In this case it would be wrong to assert that in diffusers without separation only friction 
losses occur. Indeed, in unseparated flow of a fluid in a diffuser, the total pressure losses are due both to fluid friction 
at the diffuser walls and to deformation of the velocity field in cross sections of the diffuser ("expansion losses"). 

This remark will become clear enough after examination of the possible patterns of unseparated flow in channels 
with straight axes. This is especially desirable in that in both notes, in speaking of the application of the methods of 
boundary layer theory to the calculation of flow in diffusers, the authors have in mind only one particular flow System, 
namely, flow with a potential core. However, a much wider class of unseparated flows may be studied by the methods 
of boundary layer theory. 

Linear stabilized flow in channels of constant cross section. It is known that this flow becomes steady at quite 
large distances from the inlet. The dynamic pressure at individual cross sections of the tube is then constant, as a re- 
sult of which the total pressure losses are wholly determined by the static pressure drop along the flow. Only in this spe- 
cial case are the hydraulic losses in a tube uniquely associated with the friction coefficient at the wall. Thus, for 
example, in the case of an annular tube (inside radius r~, outside rl), the following relation holds [3]: 
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