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RESISTANCE CRISIS OF THE DIFFm=U

A. 1. Lashkov

The losses of mechanical energy in diffusers with great angles of opening

is very considerable and substantially depends on the Reynolds number. The

peculiar character of this dependence up to now has not been explained from

the angle of the physical nature of the phenomena involved in the flow of

vicous liquids or gas in a diffuser.

In conical diffusers with great angles of the opening, a ý 160, which

have in the input a nossle with smooth configuration of the internal oontour,

.A (-U• 4 .- 1"', y401 go the dependence of the

S '40" resistance on the Bey-

4 4 2 L nolds number stands out

In very plain relief.

This is explained by

S,"'the ore pronounced

4 8structural Ohanges in

the flow which show up

,* V U 44 in the sharp change in

Fig. 1 tae sign of the gradient

of pressure at the moment of transition of the flow from the narrowing part of



the ohannel into the expanding part.

The negative gradient of the pressure with the acceleration of the flow

in the narrowing part of the nossle facilitates the prolonged existence of the

laminar flow. By experimentation [1] it was shown that in the absence of dis-

turbing factors the laminar flow in the narrowing part of the nozzle is pre-

served up to Re a 106, the thiokness of the boundary layer reaches considerable

magnitude, and the profile of the velocities at the input into the diffuser

differs from the smooth one. With the increase in the Re number the profile of

the velocities Is deformed, tending towards the even one (Fig. 1, Re;)0.4"106).

#a At the same time the turbulation of the boun-

JO., dary layer increases, which is ilaustrated by the

dependence of the number I a on Re (Fig. 2).

This dependence is obtained by measuring the pul-

sation velocities of the flow, %, by the thermo-

anemometer set up at the input into the diffuser

(a - 240 in the boundary layer, curve 1) and in
OU V j 4 a

a1 M the preohamber ahead of the nozzle and the diffu-

Fig. 2 nor (curve 2).

The subsequent expansion of the flow in the diffuser facilitates still

further turbulation, increase in the positive gradient of pressure, the retar-

dation of the particles of the boundary layer in the region, and finally a

break in the flow. The changes in the structure of the flow occurring at the

input into the diffuser and in it itself, to a very substantial extent are

reflected on its energy characteristics.

This fact is illustrated more conveniently by using as such a character-

istio the coefficient of the hydraulio resistance of the diffusers

wf rta-P
pwý /2

where Po is the pressure of the oretration ahead of the nosslo, P is the



pressurs at the exit from the diffuser (in our oase the atmospheric pressure),

and pd1/2 is the dynamic pressure at the input into the diffuser.

Aotually, if one follows up on the dependence C - f(Re) for the diffuser

S. 350, with the ratio of the area of the final section to the initial one

* . 3 (Fig. 3), then one can note that with Re , 0.1 * 10 6 e has the greatest

value; at some critical Be number the coefficient of hydraulic resistance be-

gins to dro, sharply, reaching the minimum value. From here on with the in-

Crease in Re for the diffuser with a diameter having an initial section of

C d d 208 (curv 2) tprac-

"tically does not change;

: ~""~with d -40 mm (curve 1)

So. .*substantially increases.

SU 41 44 " u 'If nowwecompare the de-

ne. 3 pendence (Re) for the

diffuser (Fig. 3) and

"4•x C1 - f(R) (Fig. 4) [2]

for the cylinder, then it

a. * ,SWth.b f- is possible to note an

* : , ,fa •rm;;;0 identical character in

*, A :• 4• ,ta- the flow of these curves,

Fig. 4 which core•sponds to the

U .,. change in the state in the

o- SO. boundary layer and a shift

. - ,7uh--_u-'_:4 .. ~' -. in the point of the break

-..... in the flow.

[4% $ i,mawndne'~f(Nhn"•0 • ---. This qualitatively identi-

Cal Character of the do-

4j0 407 dL t• U 4 dt.de los C •(o an

Fig. 5 Cz a f(RO) point to a



profound analogy in the structural changes in the flow, which shows up with the

increase in the Re number with the flow in a diffuser and the flow around a

sphere, cylinder, etc.

In a similar way as occurs in a flow around a cylinder (sphere, etc.), in

the diffuser the transition from the laminar flow to the turbulent one occurs

also in the area of the change of sign in the pressure gradient. The zone of

the break-off in %ne diffuser, Bam-Zelikovioh [3) pointed out in his work, also

is located in this area.

The current in the midst

"of the flow with the forma-

tion close to the zone of the

break-off of a turbulent

4' _smixi4 attracts behind it

u, the boundary layer, and the

... .. .. t point of the break-off isA a 't
Fig. 6 shifted somewhat down along

the flow. The coefficient of risistanoe falls sharply (Figs. 3, 5). The

presence of a minimum on the curve t-f(Re) explains the shifting of the break-

off into the narrower section of the diffuser.

4 114. AV The analogy of physical

Awaft phenomena accompanying the

41 flow around a sphere, cylin-

4. der, etc., and the flow in

44 a diffuser is also well

RL N Wr confirmed by a repition of

Fig. 7 Prandtl' s experiment.
Wording in graphs cylinder, without,
w diameter of wire The following experi-

ment was set up. Into a

diffuser with diameter of



entrance of d a 90 m (Fig. 6) and an angle of the opening of 4- 240, m a 3

(curve 1), there were set up two turbulators, the first in the form of a strip

of paper of the thickness of 0.7 mm (curve 2) glued at a distance of 5 -m from

the input section of the diffuser inside of the nossle, the second in the form

of a ring of wire of the thickness 6 - 1.5 - (curve 3). As is seen from Fig.6

with Re a 0.075 * 106, the resistance of the diffuser with the turbulence-

producing ring a 0.7, while without the wire - 0.85. Analogously for the

cylinder the sise Cx (Fig. 7) changed a;;::&--esy with the -!=e Re numcer

from Cx a 1.0 without turbulator to C1 a 0.69 [2]. The putting on of the ring

of the wired 6-. 1.5 -m makes an effect similar to that obtained in the flow

around a cylinder with a turbulator (Fig. 7). The shifting of the curve 3 to

the right relative to the curve 1 is explained (Fig.6) by the ocourence of the

phenomenon of crisis of resistance in the diffuser with the setting up in it of

"a turbulence-producing wire ring.

Another factor which aids to clear up tLe physical picture of the flow in

"a diffuser is the roughness of its walls.

Just as for cylinders of different diameters with different roughness of

the surface (Fig. 4), the effect of the relative roughness is very clearly

illustrated by a comparison of the dependences t - f(lo) for the diffusers

with O- const ard d - Var (Fig. 3-6). As is seen in these graphs, as a re-

sult of the increase in the relative roughness the crisis of resistance sets

earlier in the diffuser with the lesser diameter of the input section. Both

in the case of the setup of the turbulence-producing ring in the opening into

the diffuser and increase in the relative roughness with little values of Re,

the thickness of the boundary layer exceeds the thickness of the turbulator

or protuberances of roughness, and therefore the latter do not have a substan-

tial effect on the structure of the flow. With the increase in the Re number

the thickness of the boundary layer becomes eomensurable with the height of

the protuberances or the thickness of the turbulator. Afterwards there occurs

PTrl-TT- R4-12l .2/I+2



the turbulent break-off. The resistance drops sharply. With further increase

in the Re number the protuberances of roughness become centers of local break-

off, and the point of turbulent break-off is shifted opposite to the flow; in

this situation the coefficient of resistance increases. Thus the increase in

the reletive roughness of about the doubling of it from 0,09% up to 0.2% cor-

responds to just such an increase in the coefficient of resistance C(Fig. 6).

For the diffuser with a great angle of opening the relative roughness of

the input nozzle shows up in its resistance more substantially than the rela-

tive roughness of the walls of the diffuser. And if one were to compare two

diffusers with great angles of opening not taking into account this circum-

stance under conditions of equallty of all the criteria of similarity there

could occur a very substantial error in the computations of the boundary resis-

tance (Figs. 3, 6). In this way the relative roughness of the walls of the

diffuser proves to be an indespensable criterion of similarity in the case

S160.

Conclusions

1. The character of the change in the dependence of the resistance of the

diffusers with great angles of opening on the Re number is brought about by

the same principles as for the bodies around which flow is difficult (depend-

once Cd a f(Re) for the cylinder, sphere, etc.).

2. In the diffuser with a great angle of opening (d7 160) there is

possible the realization of a system of flow which is characterized by a crisis

of resistance,

3. The relative roughness of the walls in the region of the input flow

for the diffuser with great angles of opening proves to be an unavoidable

criterion of similarity.
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