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Investigatin• Finned ID.ffasee

by
V. K. MPgay

Presented are results of experimentally Investigating the Jfeot of varicu gao-

metric parameters on the .ffeotivenasm of a finned diffusur.

xn[1.1.23 was introduced a new method of raising the effeotiveness of Q•fftsors

with greater angle of opening by placing a special transverse fin arrangament cm its

valla, ?he intensive mnaro separation of the fnow is replaced in this ceam by a system

of mall serations, which# as was shown by =mroua experiments, leads to a sharp

increase in the effectiveness of the installations No doubt there is practical interest

in stuiM the effect of the angle of axpansion 9 parameters of finned system, ftm

of diffteor and, espoelally• annula finned diffusc's, in conmeotion with the possi-

bility of emplcgIng these diffluncra in turbo-mohinese The ivestigations were m-de

an an air installation (ftgal). All diffuatrs had identical length I x 195 m and

identical diameter at input dl = 100 nm*The field coefficient at input into the difft-

snw v ý 0.95. Statie pressure at Input into the diffasor was detegained in the

sectiongeorresponding to -Inium static pressure along the length of the cylindrical

part, eqialling 2d4. Ateospherie pressure was accepted as counter pressure. Investi-

gated were round and anmlar diffuses with full angle of cone openin 22, 31•,•0•60*

smoth and tinnod respectively* Anmalar diffusrs wave formed by means at evIltial

rmwd immewo a a 40,60 ne whichk We .eu I eI a1 raw with three strekendu ra.

dial finsplaeed at an angle of 10e wifk respoet to each othere LffUoes were mOe

of Stluvia. Depth of bored goovesw a7 width b a 3 9thIoess at ribs * * 1.5 e

The first inter-fin hollow was made at a distance of 3 m from input ed.asech finned
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diffuase had 11 grooves. 7he effeotiveness of the difftsm was sawlUatd bF the eOffl

*iene7 value

t2/

n-1

(a - doegre of diffuste ezpanaical and resistaxve coefficient

The dependence of values upon the Re Amhber or upon the rate at in31t into the

diffusor u1 fo finned diffesors with I•a 22 31, 40 and 60° had the veY Mi aae*

an for mooth oas, with exception of case 13 - 31* (fig.2). For all diffusers In tMs

case was observed a mnlinm for f , at w1 50-60 W/se.

Fig.lo.Shmatic of experimental installatio

We want to point out, that the value Iil /--0e09.0 i.e0teduoticn at is miu .M

lwesence of a mizldi should be explained by possibla oigination at these velocitles

of periodic phenamens ( acoustic Irradiation of inter-fin holloum), vwleb as sheva

by spselaL a aneiiats, do somewhat reduce the effect*

7he zmatalu aseastio Irradiation wiglastes as remult f remm Whia tWe fir-

quency or separstion of edldes fran the ends of the ribs and the natuna owe Iesi e

frequeney of air volmue in the inter-fin hollow cotioide. By selecting the Wcmtzi

of grooves it is possible to attain elimination of these effects* Mbas jgablm requIzes

JrD4V-63- +2 a



further • scidatione

In figo3 are given data fo the case * 40% in fig.4 is given the dependence

of the efficiency ratio of finned diffusers respectively the dependence of efficiency

of smooth diffusers upon the angle 0. An is evident from the graph,.the value of

4 moot has a z a ; 40-45. In this case rise by 2,2 - 294 times in

comparison with smooth diffusor (lower o - tinned5 . When (340-U9 the value 7fi/

jsmooth decreases. As yes shown by [] the necessary condition for positive effect of

transverse ribbing (fins) is the fact, that the first groove should be placed in the

nonseparating zone. At greater opening angles (f 600) the flow separates at the Input

section of the diffumor and no active flow is directed around the ribs (fins).

For the ease vherea60 were carried out special investigations on the prafiling

of the input edg. of the diffuw•.

-1- _-- i__

to 10 J. 0-,9 I V 'V - I 1MM
• L _ __' •n j i

FIg*e2 Effectiveness of diffusor with /- e

1-round smooth diffuscr n - 72/7] = 4; p -0.87_; xi a 0.4; 2-round finned diffa-
ar a a 4; •.a 0.558; 7i.0&.616 3- annular smooth diffus•far ij,.571 y- 0.7651 da•.d
a 40/100; in. 0.485; 4- annular finned diffuser a 4..57; ,a 0.•468; 62/al a 40/1.0;
xi-0.61; 55- annular finned diffusor nu.'579 1 0.3561 d L/ a 0.61 x•i0.73t
"6-annular inooth difLfusor n - 5.78 T nOe.65 2/d 1 a 0.6, xi- 0.a520,

The input edge was mado with various larger curvature radii, position of the

first Inteafix hollem varied all the way up to the point of maki d I 4u"etly as
-... C~....__

the input eige. But all these measures led to no origination of the effu • u-

ficeneoy of a finned diffuseo in all instances was equal to the effioeoney of the

smooth diffuser. In this way, the use of finned diffusers forb ( -600Is not ratio-

eale The mentioned conclusioa is valid only for diffusers withuat auppart, for the

F~.63-6/l423



lattel the Upper li•it for &a displaced in direction of &vater P.. in the Sam of at

> 40° no experimental Points have been obtained. It shon be asme that In th

section of this sow (D4. 600) the moment In the finn diffu•sc vwil be urst Ue.

I , Ize:,

pA A

so ~ IV X 4633,• £ ',0 4,7 Mt/te,,

Fie.3.Effectivonesa of diffsuor .withl & O~e

1-round mooth diffusor n - 5.85; i " Is sln0.261 2-round finnd diffu•" w356851
- 0.1•1 X4i a 0,67; $PannulAr Moth diffuAo a a 6,851 •. 0.94; d2/d. a 0o4;

ýi- 0.294; 4-annular finned diffuss' mW 6.85;stp- O.3; a6/d 1 -. 0.4; zO.7.
5-annular smooth diffusor n•06*; ? - Oe.814; d 2/d 1 a 0.61 BO.*35; 6-annular finned
dif fusor z-8.68; ,pu 0.26j d2 /di a 0.6; xi a0,755,

Tansverse ribbin is effective In this ease, when there is considerable flow

separation and reverse currenta, vhereby the awe intenaive these phenams

(to the above mentionad mxim=) the higher is the effectiveness of finned diffeusoe

Wheat the flow is directed around a finned systm in the inter-rib hollows 'ouserved

regular eddies, for the formation of which In consum d a specifie part of energ of

the basic stream* When 40-O5 0 this eneMy is of one order, With a decrease in(

(O 40-00) the Intensity of separation In the mooth diffasor is relatively decreased

-and consequextly, the favorable effect of transverse firnng eliinating mecro sepvar-

tion of the flW and creating additional losses, an the formation of reglar eddies

and microseparationsgdecreases. This explain the. drop in wan• & with the redu-

tion in/ (~40-50")

When 'C6,200 the losses, connected with maroNeSPMUKt and during flow aou•.

the ribs, become appormetely identical and the ribbing In this oae from the viem

point of efficlency is practically ineffective* The dotted ourve in fI69M repreeents

data. for rcund finned diffumors convetd Into the valms of Impact cmplaetness T



As in known* the value 0 depends weakly upon the degree of expmnsion a (epdlally

at anli a) and this curve appears to be universal for round diffuemsu

Fig&.5 contains data, obtained for round finned diffusorse comparable ovtf kna

experiments V Gi.psofn. and Petersý4Ci& for 8100th round diffusOWN.

' : . -, t _,i

il•
v ia

2 ,7 /~0 f~>_

10 20 30 P0 so 60 .pas
Fig.4*.ependencoe of difftisý effectiveness upon ngle of expasionl3.

I-round diffusor; 2-eanara d2/di -ao04; 3- annnu"la d2/d 1 - 0.61 4-.ound diffser

We want to point out that if the z-nia for Smooth diffUsors Is observed atA (9-SOO

then for finned diffusers it is displaced and in conformity with abooe ntiowed all-

-umstances It equals 400 ( slope of curve at6< 200 is of no •.•atial interest).

In this wayit is most reasonable to use flnned Uffd a s•a at poste opoeniJn• amgles

of tba order of 4oE.

For an-11a diffusers, as is evident fraa date in ft"i•ethe use of fin. gives a

relative approximate sam of feet, as for round onese A certain slight reduction In

the value i fin/m for the annuar diffuto in ecoparison with the round em Is co-

7,r- 6 i-361+ 5



Dacled with the fact, that Anseto reduse Sainvbat the Intensity at flow soepreMio

in a lrioan with rousid Citfassero an result of which the relative effect at finning-

eliatiuting secfirc-seperaticme decreases slight2e .

in fig.6. are given velocity fields* measured by poemsmetrie tubes at the output

from the annulAr diffuser in three becticums situated at an angle of Inc' relative to

seac other The veIClUoiis were determined by indications of absolute and static -prs-

sure tubes. It was established first, by studying silk threads, that the flow at the cut

put moves continuously, which Is confirmend by pneumamtric measurements*

The velocity fielAs for smooth diffuasers

- ___ were not measured in connected with flow in

Istability in these diffuses Cacnstationary

I Aseparation)* In this way~transverse finning

44- s~ubasetialay impuroes the velocity profile

at outpuat from uiffluscre This. circumtanee Is

0 X2.O J 43 L of special Imaportance. This Is ImpattafltfeW

ezaMple~when a radial diffusor Is placed behind

Flg.5.Dapendence of the coefficient of an azial mne*
impact ccapletmese upon the angle Of
diffuser expansion. In a smooth diffusor at&( 20P there are
l.accarding to W~pscnT,.31and Jisters¶Jq43
2-finned diffusores s ýubstantial flow separations and the field

of velocities at the outpuit frau such a diffusor will have reverse currents. with respeet.

to efficiency a finned diffuser with !3-400 is equivalent to a smooth cue with 13.200

(fig.5), but the field of velocities at the outpuat fran. a finned diffuser Is more uni-

-form. In cases where the uniformity of the velocity field directly' at the output Is

of considerable valua, the finned diffuser will have an additIMMI atfauatp aver the

smooth diffuser with It2 20'. and it is possible, also In front of smooth diffusers with

smaller angles of opening. NEwe is nescessary to keap in mLO4~ that the mentioned ribbing Is

effactiva only' at cooatInous entry of the flow into the diffuser. In case of absence

of such It is necessary to assure a definite stabilising section at the inpat%



Unsolved remains the problai. concerning the dffot of flow twist at the iInIt into a

finned diffuscre

At the 'TX was tested a greater numbe M
of finned diffusirv. of different types.

[Leg1 gave resul~ts of investigati~ng diffu- 1

sera of azall dimensions (d'30 mot)h in 4 -

this report are given data for diffuncra

with df100 sin. In this and in the other 4 x.6h

casea the effectiveness of the diffuMeC V 20 49 609 SP.AM

was appraxkmatel~y doubled. In this wayIieoVlct fed na nd
it can be asxuwd, that the scale offeact finned diffunr 40D*1 62/da. a -6

50 zD/Ow.
at least in the investigated tons, at ra-

tional plannin of f ins, does not affect the effectivneas at finned systan

The effect of fin height (depth of groor

4 1 widith ot groove and nmmber of ribs was Luve&.

O's F? tieated for the convenience of the experimet

an a plane model of a diffusol with one-sided

expanuion (input 90270 =0. output 18010 oo

angle of opening one of the sides 2l*1 th

a.?second wall was -straight*) The effective

7/777"7777777 y",772Ynoes of the diffusora was evaluated by the

Jig.?. Pressu~re dis tribution in value k, The experimental result& are listed
inter-fin hollow. a
lu4-th groovel 2-6-th groove;3w14p-th &VoO in table, vwhee data are presented by the
Teo

'NIfwswt ratio* noe effect of poove depth a

(height of rib) was imvestigated at a constant width of the groove b a 5 - and at

tan ribs with a thickness of 1.5 me The first inter-rib hollow in situated at a

distance of 3 ma from inumt edge. Mw -peraintes a acquired ;_values s 0.5; Ig 2A#g

JTD-TT-63-86/l.2 7



81 3.0l 25; 20 mm, Smll depths, ( a a 0.5 gm 1 m 1b 0.11 09.25) lead to doteiwa-

tion of the flow emj z I) amd various types of surface roigh35eas do likewis

intensify f low separation. For the origination of the af feet a sufficient relative,

depth of uooveO Is nsceusarY. At a/b z 2-2.5 the eddy system begins mtobilizingg amd the

eOffecUtienss Of the installation does not rise.

The positive effect originates in the casewheu regular eddies are formed, for

which a definite groove depth is nocenay.

In addition to visual obsorvations~i4 tb presence of eddies was confirmed by

static pressure meaasurements, for which in the flat walls of the diffuser in polats

corresponding to inter-rib hollows drainages are set up in height. In fig.? are shown

pressure ezmares, obtained by the indications of these, drainage unitso As Is evident

froma the graphs, in the investigated grooves are observed pressure miftnjum whereby an

the. bott~a of the V~omv the preassue Is restored to the pressure in the flow* The

mentioned pressure minrirns indicate the presence in inter-rib hollows of intensiv%

eddy formations,, The ametioned circumtances indicates that the pressure in an ordi-

nary drainage opening is nonatant in height, as it was ordinarily assumed. In drainages$

as shown by visual observations LL..53 are also observed eddies. But the presence of eddy

does not distort the indication of the drainages, because the pressure on the bottom

of the opening or past the eddy down in depth is restewid to the pressuret in the flow.

The ef fect of groove width b was investigated at mazinum depthL a=20 mm for the iiarpose

to poa&ibl eliminate the influence of the value a. The parameter b, acquires a value

1t 31 St 8; 16 nm In experiamts for each case was assured a sufficiently large num-

bor of ribs, because a further increase in their nwew 614 not oban" U ftS41~,;#

* (see table). Practically there is no special. difftwneam at b a 113LS la the Wasik*

veness of the diffuser and the value b in this range should be selected from technologi-

eel consideratiomse When b ý.5 the effect disappewags apperently~becaoase of inoreasIS

resistance when flow is directed around such a system of ribs(fins).

r7D.-T-6,-"A+



a/b 0 .1 0.36 0.4 0.8 3.6 2
Effect of parameter b (a. 20 Ro)

.1 0. 0.4 I I 5 2(Bffect of pumber o erooe b ~ -(a-. -,a00

R I 5 7• I ! • 3 IS 40
Effect of number of grooves n (b m m ,o, a - 20 tm )

S2 - 3 4 S 6 -- tO Is

0 .4 0.7 3 . 7 I.E, 1M 1.71 1.711 233

in the table are also given data on dt effeet at the mmber If ribs an the

effectLyvess of a finmed diffusCle To obtain th e fht it is necesszay to nks a moU

number of roumsem at bl ma are requi•e• 13 rjib. at b 0 3 m seven ribieat

b - 5 m siz ribs A further increase in ribe dme. ot Increase Mhe effeotiay sat o the

diffusor•

2. Y.K~ • oploenauargat " No&.l 3.1)4

3. Ao(psnm F'6rauics and its Applicatiome @li*.Oseenerga•dCdat 1934

4. H.Ietelrsl Tansfw'1tion of ftil VINIS •betlem Xxzmi anc at Yarlam

Intake CameAitioas. , Oe.i,•1

5. Zarr~fest of Groove Mmnhslot a #"a been IMieetS at Vurimts
lb =mbmi. hglmering Archives 240 beak 3* 3",=16, i.9%.
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