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SUMMARY

Tests have been carried out on annular diffusers having o common area
ratio of 3,19 and varying in divergence angle from 6.5° to 15°. Tho
performnuce 0f each diffuser has been neasured for o variety of inlet velocity
distributions and the effcct of axaclly splitting the flowin the diffusers
hag been investigated.

Diffuser efficiency IS found to deteriorate as inlet conditions
becone non-uniform this tendency ancreasing With diffuser angle.

Splitting Of the higher angle diffusers i nproves cfficiency for non-
uniform profiles, but these increases in efficiency are accompanied by
pronounced static pressure gradients across the diffuser throat which in

certain applications might prove undesirable.
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1.0 Introduction

The tests described in this report represent an extension of the
work reported by Ainley in Ref. 1. The latter paper gives val ues of
efficiency of pressure recovery for a group of ammular diffusers all hav-
ing the some area ratio but with vorying angles of divergence, and describes
the effect of Introducing axial splitters along the length of these
diffusers.  These tests were all made with a uniform radial distrabution of
velocity at entry to the diffusers, but as this ideal condition sel dom
exi sts in practice a further 1uvestigation has been mode t o deternmue the
ef“ect of some non-unilormities Of irlet velocity profils on daffuser
efficiency.

I't shoul d be noted that srdy rodinl varaations have becn considered,
(1.e., the circumferential distributions have been kopt umiform) and that
only a few of the infinite nuwiber of possible distributions have been
mvestigated.

2.0 Apparatus

The diffuser rig incorporating on 8.5" diffuser 1s shown in Frgure 1.
The asserbly was composed Of three parts; an inlet section in vhich the air
was accelerated i1nto an amaulus of 10 in. O D. and 77 in I.D., a conical
daffusion sectron (having an the assembly 1llustratcd in Figure 1 an included
angle of 8.5°), cnd a parallel outlet section of 123 in. QD. and 42 in. |.D.
The 8,5° diffuser section was interchavngeoble with three other di ffusers
all having the same area ratio, namely 3.19:1, but varying in length to give
included angles Of 6,5%, 10.5" and 15° respectivel y. Mean diameter splitters
wer e provided for all except the 6.5" diffuscr. AS ipdicated IN Fioure 1
each splitter tock the form of a eylindrical plostic shell situsted at the
man diapeter of the air path and located by four spiders. Then in position
the splitter projected about 1 in. upstream Of the diffuser anlot and both
splitter and spiders extended along the entire diffuser|ength. Air was
supplied to the inlet from a 30 H P. fan vin a length of stroaght ducting
containing an orifice pl at e which provided for measurement of mass flow

The inlet velocity profile was varied by antroducing cauzes 2t a
convenient flange about 8 in. upstream of the diffuser throat. Static
pressure tappings were |ocated at the inlet in both the inner and outer walls
and al SO an the cuter wall 1medintely after the junction between dxffuser
rnd outlet section. Al pressurcs were taken 4o be the mean of four tappings
spaced ecually round the annulus. AN Leshaped radially traversing priot
wag positioned 1n the plane of the inlet statics and was used in determining
total head distributions at entry to the diffuscrs. A1l t he conmponents
of tho rig were mde of wood and the surfaces adjacent to the air flow had

a smooth polished finish.

3.0 Description Of tests

Six gauzc arrangements were used t0 gi ve various distributions of
total head at inlet %o the diffuserg and both ploin and split diffusers were
tested with each arrangement. Tne first tests were performed with a single
wide-meshed pauze extendiny across the entire flow path. This gauze gave
& ynaform 1ulet total head distribution avd also acted as a support for
other gauzes which in subsequent nrrangements extended only partislly across
t he annulus. For each %est, rerdings of mass flow, temperature and static
pressure nere gaken and the inlet totel hend distribution was troversed in
steps of 1/10 in. with the pitet tube.



4.0 Diffuser efficiency

_ It has been shown (Ref. 2) that fromthe fundamental energy stand-
poi nt the efficiency of a diffuser can be expressed in the form

(pp = pp) g & ()
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where p, = cutlet static pressure
p; = 1nlet static pressure
u; =mean inlet velocity
Al = 1nlet area
Ay = cutlet area

and Where the absolute fluid velocities at entry and exit are assuned to
be axial.

By further assumptions of uniform velocity Nt entry and exit, it
can be shown that for incompressible flow the above expression con be
simplified to

n = P2=P e eeiee e (2)
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Although t he assurptions regarding veleeity are sel dom if ever,
satisfied in the practical case, thas latter value for efficiency 1s in
general use and provides @ roascmable basis for application of test results
to diffuser design. The absolute value m, 18 not favoured for the reason
that the aim of any d:ffuser 1s the couversiom of kinetic energy to pressure
and thus any kinetic energy over and above the minimum required for uniform
flowat outlet showld be regarded ag an energy loss. A1l val ues for
efficiency quOted in thas paper are therefore based on equation 2.

5.0 Test results

5.1 Accuracy of results

For the plain diffuser tests errors in cbservation should represent
less than + 1.00% of ef‘f:.cmncﬁ', but for the split diffusers the method of
calculation employed reduces the accuracy of tﬁé results and possible €rrors
my emount t0 + 1.50%.

As 011 tests were carried cut with an imlet YMach nunber of 0.15 the
assumption Of incompressable flow introduces negligible error.
The Reynolds number 0f the tests based ~n the value Re = PV x
. . Lo
(0-D. = 1.D.) was 2.5 x 105 compared W th design conditions in a typical

engine at altitude which give Reynolds numbers of between 4 and 5 x 105 at
entry to diffusing sections.
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Despite this discrepancy in Reynol ds nunber the g¢onclusions regard-
ing variation of efficiency with inlet profile based on the test results
should form s guide to estimting diffuser performance under the conditions
obtaining in practice.

5.2 Tests on plain diffusers

In the first group of tests the faur diffusers nere tested for the
three inlet velocrty profil es shown 1n Fizure 2. These profiles had val ues
of Wy mx/¥ of 1.0, 1.15 and 1.30, this peak velocity occurring at approxi-
mitely mean diameter. The results, showm in Pagure 2, indicate a decrease
of m Wth increasc of dzffuscr angle 6, and o further drup in v with increase
0 Vipay/ Ve Included an Pigure 2 are test results taken from Reference 1
for a uniform profile. |t can be seen that at the higher angles there is
considerable discrepancy between the efficiencies obtained with this profile
and with profile (1). This may be attributable 4o the difference in boundary
layer thickness, as at high values of 6 the thicker boundary loyer will
nor e readaly separate under the action of the adverse pressure gradient.

In the second group of tosts the peck velocity of the inlet distras
bution was | ocated at three radial posations, namely O.D., M.Ds 2nd |. D
Velocity profiles are shown in Figure 3 toget her with curves of w v 8.
For Vo,x 8t O D. the efficiency curve 1s similar to that obtained with a
uraform profile but with the efficiencies lowered by between 1 and 2%,
When t he peak velocity occurs at M D. the efficiency Curve beecomes much
st eeper, glvin;%the high val ue of 88% for § of 6.5° but only 61, when g
1ncrenses t0 15°, The finmal profile, nunber (6), brings Vpay towards t he

i nner wall and gives low efficicucies at al |l values Of g, with a minumum
val ue of 42% when 8§ equals 15°,

Some standard Of comparison can be obtained by consaderation of the
theoretical val ue for a sudden expansion which i S given in Reference 2 as

= 2 . For the area ratio tested this gi ves an efficirency of

L7.7% and although this figure i S theoretical it gaves some indicrtion of
the adverse ef fect of profile (6)on diffuser efficieucy.

5.3 Tests on split dxffusers

The three diffusers far whaich splitters nere available were tested
in the sane manner ag the plain diffusers, but the cstimation of efficiency
was conplicated by qd.fferences in the static pressures occurring at the
inner and outer walls of the diffuser throats. These statac pressure
dafferences varied with total heod dastribution, €. 0., profile (1) and the
8.5' diffuser gave (pi = po)/zpV;y" = @ 20 whereas profile (2) with the

same val ue of § gave ~ 0.23. For any one profile, changes in 6 also
produced changes in static pressure, for example when g was increased from
8,5° o 15° the static prossuge dafference corresponding to profale (1)
decreased from (pi - po)/&pvy = 0.20 to 0.08.

The dastribution of total head at inlet was however not affected
by changes in 6. In the plain diffuser tests, where the wall static
pressures were uniform, the mss flow cal cul ated by wintegrating the
velocity distribution at the: throat gave good agreement wath that measured
at the orifice:plate and thereby indicated reasomable uniformivy inthe
circumferentaal distributizn of t2tel head. For the split diffuser tests
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a simlar check, based on ths assumption of a linear static pressure gradient
across the throat gave differences in mass flow of up to &% and so rendered
t he assumption regarding static pressure dastribution invalid. I n view of
the unknowm nature of the gtatwe pressure distribution across the throat g
rean val ue of static pressure was estimated for each test by g process of
trial and error using the orifice plate measurement of mass flow and the
neasured distrabution of 4otal head.

Thi s statac pressure and 1ts accorpanying velocity profile are t hose
which would exist if static pressure were umform, total head distribution
identical with the neasured distribution, and mass fl owidentical with the
val ue neasured by the orifice plate. Such condztions mizht be expected to
obtain ct some point sufficiently far upstream of the throat for the static
pressure to be uninfluenced by the radial fl ows which are eviderntly occur-
ring i n the viecinity of the diffuser splitter.

Velocity profiles and daffuser efficiencies based on this 'cquivalent!
throat static pressure are showm in Figures 4 and 5. The results of a
uniformprofile test fromReference 1 are inciuded in Figure 4. and appear to
indicate much hipher efficiencies than were obtoained with profile (1?. The
efficiencies of Reference 1 were, however, based on total herd traverses and
the measurement of the outer wall static done, and reecaleulation of the
results for profile (1) on the same basis gave comparable efiaciencies, The
results based on 'equivalent' throat Static pressure are believed to be
more realistic, and comparison Of Figures 4 and2shows that for a uniform
i nl et velocity profile o mean diameter splitter reduced efficiency at 011
values Of 6 up to 15°. This contradicts the conclusionmade 1n Reference 1
thnt splitters i Nprove efficiency at val ues of g greater than 10°. The
further conclusions in Reference 1 regarding the stabalising effect of split-
ters for values of g greater than 1€°is not: affected.

Comparing t he curve of *nomanal! efficiency for profile (1) with the
results fromReference 1, profile (1) withits conmparatively thin boundary
| ayer appears to sive slightly improved efficiency at § = 15°, butthe effect
Is | ess marked than for the plain diffuser tests.

5¢h Discussion of results

I n the preceding paragraphs the results for particular profiles have
been &scribed. These results have been scrutinised in various weys in on
attenpt to deduce the particular features of the profiles which dominate
diffuser performance.

(a) Plain diffusers

I't "has been shorm (Ref. 2) ¢ 1wt a fully developed turbul ent inlet
profile gives | ess <fficient diffusion than 3 conpl etel y uniform inlet
profile. = This reduction 1n efficiency can be attributed to the lower air
velocities Which are found near the walls in the case of the fully developed
profile, this slowly moving a1r being MOre  susceptible to breakaway under
the action of the adverse pressure gradient than the higher velocity air
of the uniform inlet profile. |n analysing the six test profiles ON this
basis, the local wall velocity Vw was neasured at ¢ distance of 0.05 in.
fromthe wall, this velocity being measured at the wall giving the [owest
val ue, i.e._the wall at Which breakaway 1s nost likely to occur. Curves
of m v Vw/V are shown i n Fagure 6 and show that test profiles (1), (2) and
(4) forma group of high Vw's while profiles (3), (5) and (é)have | ow vx's,
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Cearly vithin each of these groups some further ch.racteristic of the
inlet profiles 1s having a pronounced effect on diffusion efficiency.

asecond criterion of inlet profile was selected, namely the degree
O syrmetry of f£low about the mesn diameter expressed as Vi/V where Vi
represents the nmean velocity in the 1nner half of the annulus and V is the
overal | man velocaty ot the dxffuser inlet. Curves of v V,/Vare shown
in Pagure 7., the full lines referrang to the high Vw profiles, and the
dotted lanes commecting pornts Of low Vw. Therefore the vertical displace-
ment between the full and dotted lines for any valuc of ¢ gives a measure
of the effect of ¥w/V on efficiency. |t 13 clear that for 8 = £.5°
daffuser efficioncy is sol ely dependent on V5/ ¥ but as 8 1ncreases the
effect of vw/V becomes more evident until when § = 15°%, a reduction in
Vw/V from 0,98 to 0.78 lowers the effaciency by ahout 7%

(v) Split diffusers

A similar avalysis hos been mnde of the split diffuser tests and
curves Of 7 v Vi/¥ are shown i n Pigure 7B, Clearly tho effect or |ocal
wall velocrty Vw/V 18 greatly reduced in comparison with the plaun diffusers.

Optimum efficiencies ore all reduced due to t he additional friction | 0SS
introduced by the splitter, but efficiency 1s_much | ess seusitive to
sysmetry of profile with the result that at vs/V= 2.20 the split a:ffuser
I S more efficient than the plain diffuser.

I n gconsidering these results the geometry of the split diffuser should
be borne in mnd. %ﬁe overall area ratio 1S 3.19 but the axial splitter
provides N0 diffuser passages, an inncr One of arex ratio 2. 67 and an outer
one Of area ratio

Assuming the same efficiency foOr cach section (true for smll val ues
of p) 1t con be shown that o veloeity profile having Vi/V = 1.022 wiil
sive a unif'orm stotic pressure in the diffuscr throats. ;is 6 increcses,
the cfficiency of the larper ares ratio scction will tend to drop relative
to that of the other daffusion pessage and the velocity profile for umiform
static pressure 1n the throats will approach the val ue ofp v,/V¥ = 1.00.

The curves in Figurs 78 1ndicrte that t he condation of unaform
static pressure correspondso’ apu tumun efficicney, nnd therefore whon inlet
condrtions are uniform i.e. Vi/W= 1.00, the nost efficient split dif=~
fuser will be one hoving equal orea ratios in each seetion. Por values Of
8 greater than 15° such a design shoul d give an efficiency comporable t o
that Of 2 plein difruser and shoul d cope efficiently with a much wider
range of inlet velocity profiles.

6.0 Conclugsions

Flain diffusers

1 i smll angle daffuser (p = 6.5') iS capable Of 80%
efficiency Or nore over a wide ranpe Of inlet velocaity distributions, the
actual val ue of efficiency being dependent upon the degree of syrmetry of
the flowv at inlet,

2, As the diffuscr angle is increased, the efficiency becomes
more sensitive to inlet condations, beang reduced by either non~symmetry
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of flow or by the presence of a low velocity region near one of the walls.

Split diffusers

3. The introduction of asplitter, while i nproving stability
(Ref. 1), reduces efficiency with uniform inlet velocity profiles for all
daffuser angles less than 15°.

4, Splitting of the 10° and 15° dif f users improves efficiency
for non-uniform profiles, but imposes pronounced static pressure gradients
across the throat. I n the application in which a split annul ar giffuser
follows an axial compressor such pressure gradients might prove undesirable.

5, For the application in Which the inlet distribution, although
non-uniform, 1s |l i kely to remin oonstont, a high angle split diffuser with
individual area rati os designed t0 give o uniform Static pressure distribution
across the throat should give better efficiency than a longer {i1.e., smller
angl e) plain diffuser.
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Notation
Ay = inlet area
Ao = outlet area
o = mean inlet Static pressure
Do = mean outlet static pressure
oi = inlet static pressure at I.D.
Pq = 1nlet static pressure at OD.
Venx = rmaxumm Vel ocity at inlet
vy = mean velocity at inlet
v, = velocity at inlet 0.05 in. from wall
vy = mean velocity over inner half of annulus
6 = diffuser angl e
n = di ffuser efficiency
2 = Reynolds hunber
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