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Investigating Finned Diffusors

Yy
" V. K, Migay

Presented are results of experimentally investigating theffect of various geo-
metric perameters on the offectiveness of a finned diffuscr.

In[l.l.zj was introduced & nev method of raising the effeotiveness of diffusors
with greater angle of opening by placing a special transverse fin arrangement on its
valls, The intensive macro separation of the flow is replaced in this case by a system
of small separations, which, 25 was shown by numercus experiments, leads to a sharp
increase in the effectiveness of the installstion, No doubt there is practical interest
in studying the effect of the angle of expansion , parsmeters of finned system, form
of diffusor and, especially, annular finned diffuscrs, in eonmection with the possi-
bility of emplqying these diffuscrs in turbo-machines, The investigations were made
on an air installation (fig.1l)e All diffuscrs had identical length 1 = 195 zm and
identical diameter at input 43 = 100 mm,The field cocefficient at input into the diffu-
s I‘/Iu ~ 0e95¢ Static pressure at input into the diffusor vas detévinined in the
sectiongcorresponding to minimum static [ressure along the length of the cylindrical
part, equalling 24;, Atmospheric pressure was accepted as counter pressure. Investi-
gated vers round snd amular diffuscrs with full angle of cone opening [jr 22, 31,40,60°,
smooth and finned respectively, Annular diffuscrs were formed by means of eyliadricel
round iaserts & = 40,60 mm, vhich vere centered Wy rings vith three streamlisil re-
dial fins,placed at an angle of 120° wish respect to each other, Diffusors were made
of Silimin, Depth of bared grooves e=7mm, width b = 3 mu,shickness of ribs $ = 1,5 mm,
The ﬁ.:ﬁt inter=-fin hollow vas made ot a distance of 3 mm from input edgs.Each finned
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diffusor had 11 grooves, The effectiveness of the diffuscrs was ovaluated by the affi-

ciency value ‘
thoroughness of impacs ” :/;(:”f::g; . /
e=(—-n2tL 2
(n = dogree of diffusir expension) and resistance coefficiens
e P2 Py
03

The dependence of value ,l upon the Re mumber or upon the rate at input into the
diffusor w) for finned diffusors with /63 22, 31, 40 and 60° had the very seme nature

as for smooth obes, with exception of case 13 = 31° (fige2), Far all diffuscrs in this
case was observed a oinimm for -;z at w) 50-60 ny/sec.

H.g.l.SchamtieA of experimental installation
We vant to point out, that the valune Ym"/? £-0.09, i.e.feduction otql is smll, The
presence of a minimum should be explained by possible origination at these velocities
of periodic phencmens ( scoustic irradiation of inter-fin hollows), vhieh, as showm
by spesisl experiments, do samewhat reduce the effecs,

The mmnu-a accustic irradiation criginates as resuls of rescaumss, vhea the fre-
quency of ssparation of eddies from the ends of the ribs and the Daturel oscillatica
frequency of air volumes in the inter=fin hollows coincide, By selecting th geoaetry
of grooves it is possible to attain elimination of these effects. This prodlem requires
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further elucidation,

In fige3 are given data for the case 6- 40°% in fig.l is given the dependence
of the efficiency ratio of finned diffusors respectively the dependence of efficiency
of amooth diffuscrs upon the angle &, As is evident from the graphs,the value of Neo!
M emootn, 2 8 meximm [} = 40-45°, In this case Teg Fi%0 bY 2,2 = 2,4 tines in
comparison with smooth diffusor (lower op = finned) . When 6>I;O-Igs° the value ‘Zﬁ./
MNamooth decreases, As wes shown by[z] 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 (/5-;’»» 60°) the flow separates at the input
section of the diffuscr and no active flow is directed around the ribs (fins)e

For the case where ﬁ-60° were carried out special investigations on the prafiling

of the input edge of the diffusar,
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Fige2. Effectivensse of diffusor with /é- ne
leround smooth diffuscr n = Fo/Fy = 43 ¢ 20,8755 X = Oolh; 2-rocund finned diffu-
S0r B = L g 0,558; xi=0,616; 3- annular smooth diffuscr mehe57; = 0.765; d/4)
= 40/100; xis 0,485; 4~ annular finned diffusar n = 4oS57; (o™ 0.468; 4/2; = 40/100;

xi=0,6663 5= anmular finned diffusor 5,73 = 0.356; d5/8) = 0.6 xi=0,73;
6wanmlar smooth diffusor n = 5.73 80,653 ‘52/d1 = 0,65 xt = 0,528,

The input edge was made with various larger curvaturs radii, position of the

first intertin hollos varied all the way up to tha point of making same Silu-th oR
the ingut edge. But all thess measures led $o no origination of the effest; Whe of-.
ficiency of a finned Aiffuscr in all instances was equal to the efficiemcy of the
smooth diffusor. In this way, the use of finned diffusors for 6}55-60‘ is not ratio-.

nal, The mentioned cconclusion is valid only for diffuscrs withous suppors, for the
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latter the upper limit for /s displaced 1in direction of greater [a In the zons of 60°
N> 40° no experimental points have been obtained, It should be assumed that in the

section of this acne ((54 60°) the movemert in the finned diffuscr will be unstédle,
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Fige3eEffectivenesa of diffusor with /ét 0%,

lercund smooth diffusor n = 5,853 y = 1; xi=0,26; 2=rcund finned diffusor m=5,85;
v = Oli2hyy xi ® 0,673 F~ennular amooth diffuscr n = 6,855 ¥ = 0.94; 42/8) = Oh;
xi= 0,294 4-anoular finned diffuscr m= 6,85;(0= 0.382; d5/8) = O.4; xi=0.7
S-annular smooth diffusor n=8,88; o= 0.814; 43/8) = 0.6; x3=0,35; é=annulsr finned
diffusar 38.68;39- 062963 a2/8) = 046; xi = 0,755¢
Transverse ribbing is effective in this case, when there is considerable flow
separation and reverse currents, vhershy ths more intensive those ©+  phencmemg
(to the above menticned maximum) the higher is the effectiveness of finned diffusor,
Wher the flow is directed arocund a finned system in the inter-rib hollows I?) observed
regular eddies, for the formation of which is consumed a specific part of energy of
the basic stream, whanﬁ*;'ho—f,O“ this energy is of one order, Vith a decrease i.n/&
(BL 40=50%) the intensity of separation in the amooth diffuscr is relatively decreased
.and consequen tly, the favorable effecs of tramsverse finning, eliminating macro separa-
tion of the flow and creating additional losses, on the formaticn of regular eddies
and microssparations,decreases. This explaims the drop in um'rlﬁp/qzn with the reduc-
tion mﬁ(g( 40=-50)
When /{5 20° the losses, connected with macroseparatiom and during flow around
the ridbs, becﬁ apmroximately identical and the ribuing in this case from the view
point of efficiency is practically ineffective, The dotted curve in f:l.g;h‘roprounta

data for round finned diffuscrs couverted into the value of impact cmphhml(y.
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A8 18 known, the velus  deponds weakly upon the decree of expansion a (especislly
at mmall n) and this curve appears to be universal for round diffusors.
Fig,5 contains data, obtai.ned for round finned d!.fm&-. comparable with knowa

experiments by Mpaon[li.ajand Peteuﬁ.ﬂ for smooth round diffuscrs,

N[ g,
24

2,2 —

2,0

‘ : B
72 30 40 30 50 epad
FigeljeDependence of diffuscy effectivensss upon mgle of expansion/3.
leround diffusor; 2-annular d./8) = Oe43 3~ annular; d2/d) = 0.6; 4eround diffusor;
Y n/ Cesn fV’ de
We want to point out that if the minimmm for smooth diffusors is observed nt/a% 6-8°,

then for finned diffusors it is displaced and in conformity with aboce mentioned oir-
cunstances it oqmls/j:s 40° ( slope of curve lt@( 20° is of no practical interest),
In this way,it is most reasanable to use finned diffuscrs at greater opening angles =
of tha order of 40°,

For annular diffusors, as is evident from data in fig.he,the use of tuu. gives a
relative appraximate same effect, as for round ones, A certain slight reductiom in
the value 7 nn/'r(- far the annular diffusor in comperiscn with the round cne 1is com-

A8 ]
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nected with the facs, that inserts recduce somewhat the intensity of flov ssparation
in comparison with round Ciffusers, as resuls of which the relative effest of finning,
eliminating macrc-separation, decreases slightly, -

In £ig.be are given velocity fields, msasured by rmeumcmetric tubes at the cutpus
from the anmular diffusar in three sections,situated at an angle of 120° relative to
each other, The velocities were determined by indications of absolute and static (res-
sure tubea, It was established first, by studying silk threads, that the flov at the ous
put moves continuously, which is confirmed by pneumcmetric measurements,

The velocity fields for smooth diffuscrs
were not meagsured in connected with flow inm

2 —
14
v ‘{ /"[ y stability in these diffesors (nonsteticnary
a { / [ .
/ | i 17\/ separation), In this way,transverse finning
&5 } y S—
w Z A substen tially improves the velosity profile
i
N1
aQ

at output fram diffuscr, This ciroumstance is

R R | R Ry T v of special imporitance, This is important,for
examplegywhen a radial diffuscr is placed behind

FigeSeDopendence of the coefficient of an axial e,

impact completemess upon the angle of 6-

diffusor expansion, In a amooth diffusor at[)= 20° there are
l.according to Gme‘}.B]and Feters{LeA]

2-finned diffusors. substantial flov separations and the field

of velocities at the cutput fram such a diffusor will have reverse currends, With respect
to efficiency a finned diffusor with ﬂ)sao° is equivalent to a smooth one with f= 20°
(£12e5)s but the ficld of velocities at the cutput from a finned diffusor is more uni-
forms In cases whare the unifarmity of the velocity field directly at the ocutput is

of considerable walus, the finned diffusor will have an additiemm) 'dvllhp over the
smooth diffusar with [ 20° and it is possible, also in front of smooth diffuscrs with
smaller angles of opening. Here is necessary to keep in mindj, that the mentioned ribding i
effactive cnly at contimuous entry of the flow into the diffusor, In case of absence

of such it is necessery to assure & definite stadilizing secticn at the inpute
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Unsolved remains the prodlem. congerning theeffect of flovw twist at the input inte a
finned aiffuscr, ‘

At the TSETI wes tested a grsater mmber

€
IS

of finned diffuscrs of different types.

E-.l] gave results of investigating diffu-

sors of amll dimensions (d;=30 mm); in

this report are given data for diffusors

with dl=100 mme In this and in the other

cases the effectivenesa of the diffusor

vas appraximately doubled, In this way
Figebe Velocity fields in an anmular

it can be assumed, that the scale effect ﬁ_n:/od aiffusor (4 = 40% 42/41 = 0,6,
50 880,

at least in the investigated Zone at ra-
tional planning of fins, does not affect the effectivemess of finned aystem,

The effect of fin height (depth of groove)

A6 FP2 :
/’W\\l | vidth of groove and mumber of ribs wis inves-
05 tigated for the comvenience of the experimm$
or—t—1 :2 \
2 >~~~ o0 a plane model of a diffusor with cne-sided
expansion (input 90X70 mm), output 180X70 mm,
o 7 angle of opening one of the sides 21°; the
02 o——-o/?’z” \°"-°3-o second wall was _ straight,) The effective
5 19 15 (/T . .
ness of the diffuscrs was evaluated by the

Fige7s Freasure distridution in value e The experimontal resulta are listed
inter-fin hollowss
lef~th groove; 2=-6=th groove;3«lj=th groo in table, where data are [resented dy the
Voo : . )

7| £40/7 gy Tatic. The effect of groove depth a
(height of rib) was investigated at a constant width of the groove b = S mm and as
ten ribs with a thickness of 1,5 mmn, The first inter«rid hollos is situated at &

distance of 3 mm from inrut edge. The paramster a acquired .. valuess 0,53 13 23k

FTD-TT-63-86/1+2 7



83 103 15; 20 ma, Small depths ( a = 0,5 mm, 1 mmj &/ = 0,13 0,25) lead to deteriora-
tion of the flow (7., ./7 o (V) 824 various types of surface roughnesses do likevise
intensify flov separetion, For the origination of the 'of.rnot a sufficient relative
depth of groove is necessary, At 8/b = 2-2,5 the eddy system begins stabilizing, and the
‘effectiveness of the installation does not rise,

The positive effect ocriginates in the case,when regular od:uoa are formed, for
which a definite groove depth in necessary.

In addition to visual cbservations{L.2 tis presence of eddies vas confirmed by
static pressure measurements, for whieh in the flat valls of the diffuscr in poiats
corresponding to intere-rid hollows drainages are set up in heighte In fige.7 are shawn
Pressure epures, obtained by the indications of these dreainages unitse, As is evident
from the graphs, in the investigated grooves are observed pressure minimms, vhereby on
the. b&tm of the groove the pressure is restored to the pressure in the flowe The
mentioned pressure minimums indicate the Iresence in inter-rid hollows of intensiwe
eddy formations, The mentioned circumstances indicate, that the pressure in an ardi-
nary drainage opening is nonstant in height, as it wes ordinarily assumed. In drainages,
as shown by visual obaomtimﬁ..,ﬂ are also observed eddies, But the presense of eddy
does not distort the indication of the drainages, because the pressure on the bottam
of the opming or past the eldy down in depth 1-. restored to the ﬁruauu in the flowe
The effect of groove width b was invessigated at maximum depth #=20 mm for the purpose
to poasibly eliminate the influence of the value a, The parameter b acquires s value
1; 33 53 8; 16 ma, In experimmts for each case vas assured a sufficiently large mum-
ber of ribs, becsuse a further ucmuummmmwmun",.m_
(see table). Practieali: there is no special differemse at b = 1;3;5 in the qffui‘
wveness of the diffuscor and the value b in this rangs should be selected from technologi-
cal considerations, When b \ 5 the effect disappears, apparently,because of inoreasqd
resistance vhen flow is directed arcund such & system of ribs(fins). |

PTD-TI-63-86/142 8




Tadle

< Effect of pewemster alhsS sm)

.,x,-.,, , ﬂ"" ] 0,837 0.918 13 1.4 1.64 3.08 L7 L7

o un 0 0.5 ' 2 . s l 10 15 »
alb ] 0.1 0.28 0.4 0.8 1.6 I 2 3 1 4
> N Zffect of parameter b (a= 20 mm

_v, i, 1.64 LN | 1.7 ] se ycrohs, | 0.5

:T.: ! 3 3 5 ! Ung Q‘!" ' "
. . Effect of number of srooves n (bel mm, a=20 mm)

Nea DT 106 | e | 14 T ) 1.6 ™ L&
a ] 3 5 7 s | u o 15 %
P Sffect of number of grooves n (b « 3 mm, a = 20 mm)

o T ¥ 1.04 113 1.3 1518 W) 1.68 L LN XS
. 1 2 3 . s s 7 10 15
r& “EIfect of number of grooves n (b = 5 mm, a = 20, mm)

. ?" 0.6 0.7 on 14 1.68 Ln R
. ' 1 l 3 3 . ‘ 5 . ‘ 2

In the table are also given data on the effest of the mmber if ribs on the
effectivensss of a finned diffuscor, To obtain the eoffest it .u necessary to make a smll
number of groovese at b=l mn are required 13 riks, at b = 3 nm seven ride,at
b= 5 m six rids o A further increase in ribs does mot increase the effectiveness of the

dirfusor,
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