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ISTIACT :

{ tqree dimensional end-wall baundary loyer theory is opplied in order to predict tho flow behaviour in on axial-to-
,nrdort "d.fflrer with Inlet swirl

lcunCory layer profiles are predicted snd motched with the moin lnviscid ftow, which ts
mrrdo, :qrilibtium dpproach where end-watrl blockoge effects are tsken into account,

determlned fram a simple

f,rnplete Jlanwise three dimensianal velocity profrles are calculated ond compored with experimento! datc ot
$crsrdd lrcotions in the diffuser, far three different test configurotions.

llcrrencleture :

-J - voiume flow
A : cross-s€Ctional area
B
,:l

R

- blockage factor
: diffuser spacing at exit

- radius of curvature
: radius

Yor - meridional veloeity
\-oe - free stream meridional velocity
r : inlet flow angle dwonstream from

vanes rings
the guide

I : augle between the meridional plane and
velocity vector

o : I - p : skewing angle of boundary layer

er : wall skewing angle
rD, n, u - in rneridional coordiaates
r, !, z - in cartesian cosrdinates

Subscripts and superscripts

e : external flow

w - at the wall

A * inviscid main flow pararueter

! : pitch avorage value

lntroduction :

The flow condrtione in a diffuser are in general
critical and as a consequence, diffusers are often
a delicate part of a fluid flow system. Reliable
diffuser flow prediction methods are. therefore,
important whereas such methods are not profuse
due to the near stall flow conditions,
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The choice of a diffuser is in general based

on experimental characteristies which are available

in the literature (1, 2 ,. Simple conical, rcc-

tangular and annular diffusers are quito well

designed in this way, whereas the ef{ects of
inlet gwirl, inlet blockage and wall curvature are
less clear at the prerent time.

In the present paper, the flow behaviour in
an axial-to-radial diffuser with inlet swirl is
predicted by use of a three dimensional end-weil
boundary layer prediction method which interacts
with a simpie radial equilibrium approach-

Experimental data are available from MIT(g).
Several test configurations are available, obtained
through the variation of the axial distance h
between the two diffuser watrle ( fiS. 1 )

Fic. 1

Increasing, decreasing and nearly gsnstant

cross sections are obtained in this way'
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The end-wall boundary la5er calculation is

described in De Ruyck and Ch. Hirshch ( 4-7 ,'
This method consiste of a three dimelsional
ir:tegral boundary layer approach, where boundary

layer velocity profiles are reconstructed thrdugh
the use of velocity profiic models.

The mainflow is predictcd from a simple

radial equilibrium epproach where the end-wall
blockage is taken into account.

Complete velocity profilcs are reconstructed

aud con-,pared with cxperimental data at seven

locattons inside the diffuger, for three test confi'

gurarions, an increasing, decreasing and nearly

constant croes.lectioD test cases-

I. END.WALL BOUNDARY LAYER THEORY

1. Basic Equations: In the pres€nt s3s1icls, the

end.-wall boundary layer theory as presented in

( 4-? t is brieily summarized.

'I'he basrc equations are writteq as follows :

irooot*ro omm +r0?ovm.l*n3l'Ib- pvrr'z Sino

(3*utga*0uu)-!o:om

,l roeiv.otooumg rup.vmoS*m

(8xnrtgo. + Oum): ro--o " '

A coordinatc s.vstem denoted ag meridional

coordinate system' is used' The correspcndilg

coordinates Ere m'n,u where m denotes the meri-

eiional dlrection, n the direction normal to the

end wali and u is the pitchwise direction (fig'1)'

Equations 1 and 2 ate valid for an axisym-

metric Sow' In the case oI non-axisynsmetric

flows 1 such as turboinachine flow )' extra terms

denoted as 'defect lttrcet' are to be added'

t.2 Introduction oI Complementary Relations :

In the above equations six unknowns appear : 0mm'

0um, Ouu 8m*, t*, 11' Only two equatious

are available through eqs' I and 2 aad therefore

additional relations ere searched' Heads entrain-

ment equation is given bY

i1)

dVuo
drn

pVm2Sin6

.- (21
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3$ t r-t**,= :fft-(8--8mx; i;* """ (3)

The estimation of the mainstream skin friction
Gccurs through the use of a non'dimensional skin

friction coefficient generally noted as Ct' The

popular relation for Cr is probably the Ludwig

Tillman's relation which is generaliy accepted'

Cr'.246R"(dni exP ( -l'56H ) (4)

Where Re (0m) is <iefined bY

Re(om) -_ Vmgxom

1.3 Velocity Profile Models : Kooi's [B] profile

mode1, which is adapted f or turbomachinery

application is used to con$truct rhe velocity profrle'

The proposed model in meridional direetion iE

as follows :

--Y* : 1-b(r-y')o
Vme

Where y':y/8, b ie the v*locity defect at

the edge of the small inner layer, and n is the

velocity profile model power'' b' is related to
the skin friction through.

b-exp ( -7nCf.5 Cosa-'I3r ) ... (7|

2, TLIE MAIN FLOW PRBDICTION : I\4ain

flow quantities are denoted with an overhead

carat ( n ) and are to be considered as inviscid"

Two quantities Vm and Vu are to be determined

to con$truct the velocity profile through the axial

to radial diffuser. Throughout the pure axial

radial part of the diffuser, the mainfiow velocity
remains uniform over the span of the diffuser.

In the curved portioo of the diffuser the velocity
profile is not uniform.

2.L Meridional Velocity Prediction : According

to the cootinuity the apan average meridional

velocity Vm is determined through

vm:Q/S ( 1'-B ) ... (8)

WhereS:Volume flow
S - area of cross*section
B * blockage

EUET, Shakq

The average meridional velooity, Vm is f ound
at each section as function of the blockage, B
which is to be determined through end'wali
boundary layer theory. The non-uniformity at
Vm will be determined through continuity and

the circumferential velocity' will be determined
throrrgh radial equilibrium.

The angular velocity is given by

8Vm Vrn 8VnOf":'r't.t-;;;:O (9t

The velocity normal to the wall Vn is very

small ia comparison to the meridional velocity.

Therefore, the third terrn on the left hand side

of the cquation can be neglected' After integra-
ting eq. 19) from the lower wail till the upper
wall ( nl, nZ ) following expression can be for-rnd,

AA
Vm2-Vm1:Vn:/R.h (10)

It will be assu med tlrat irn varies in a

liaear vray over the diffuser spen, Frctnl the

results this assumption seerns to give a $atisfactoty
approach for the Present tests.

Vnrn-Vm*(Vm/R lh/2 (11)

Vm1*Vrn-(Vm/R)h/2 (1?)

and Vm is given bY

AAAA
Vm-Vml + (Vm2-Vml)nih .-' ( r3)

If the average meridional velocity ( V m ) is
known at a particular secticln, the velocities

( Vml, Vm2 ) at both upper and lower wells can

be determined using eqs ( 1l ) and ( 12 ), Vm

follows from eq (13 ).

2.2 Circumforential Veiocity Prediction : The

circurnferential velocity is calculated by radial

equilibrium which in the pr€sent case reduces to
A

R.Vu:cte,... (14)

3. Viecous-Inviscid Iatereaction : The viscoue

and inviscid parts of the flow interact through

a rimple iterative procedure. The in';icid flow

is searched through eQuations {8), (13) end (14)

{5)

r6)
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to
A

Vu

assuming an arbitrary initial blockage B' The

end-wali boundary layer theery is applied using

.-" f I ) to (8), .giving. 
u tt:q.blockage distri-

Ulrit" aud u inviscid flow field'

This procedure is repeated until a constant

Uf*t"g" is found' The 'main flow' velocities

in eqs ( 1 ) to (8) are taken at the walls (t'mf '
AAA

Vm2, Vu1, Vu?) (4)'

3.1 Matching of the velocity pro6les: In order

construct complete spanwire profiles Vm and

are to be matehed, the matching of the

the mainflow Profile {V) is

the Profles at the boundaries

Thia can be done bY setting

Fie. 2

'^A
V_Vreal:Vw-V

AAA

or Vreal*V+V-.Vw ri5)

run nurnbcr. For eacb configurations seven

stations along the diffuser had been taken into

consideration and at each station the velocity

magnitude and the flow angle p were measured

at several points 11sm the lower wall'

Out of six configurations three have been

aelected: one increasing, oge nearly csnstant

and one decrcasing area ( RUN A'E' & F' )

To start the calculation only the experimental

inlet conditions Vnr, Vu' the pro6le model powet

u. tho skin friction and the wall skewing angle

are needed.

The start values of n, cf and sre wer€

obtained through a fit of the profile model

equations with the experimental profiles at the

first station,
profile model and

done by matching

n:Oandn*8.
(6e 2). M I I AXIAT TO RADIAL DIFFUSER

INCREASING AREA

E

a
E
3
c

E-

4, Comparison with experimental data :

From the report of Drum ( 3 ) data were

available for six geometrical con6gurations ( 3

;;;;;ti"t, 2 aeatlv cotrstant and..1 decreasing

"r-"J. 

- 
Tt " 

configurations are iilcntified by a

22

FiGI IQF ] lNCREASING AREA

C EXP MERID VELOCIIY

A EXP CIRC VELOCI1Y

Mend ond circumf velocitY (m/s)
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Since the geometry of the diffuser is not
clearly defined in ( 3 ) sorne problems arose

in defining thc correct height h at each station.
Tle height of a particular section is colrected
by adjusting the total mass flow rate througn
the section.

5. Summary of Rcsults :

The results are chown in figures 3 to 5.

In each figure, a comparison is made betwcen

the cxperimental and calculated profile of t'*
AAA

and Vu. The profiles Vm and Vu moreover are

exteuded up to th€ end-walls. No experimental
data are available in the axial part of the diffuser.
Statione 1 to 3 are inside ithe curved portion
of the diffusor asd the non-uniformity of the

A

main velocify V can cl+arly be seen. The remainiug
stations are in tho pure radial part.

I..4. I.I AXIAL TO RADIAL DIFFI-ISER*
INCREASING AREA
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..4, i T" AXIA! TO RADIAL D|FFUSER

DECREASING AREA
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F IOURE 5
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I EXP' CIRC VELOCIlY

Merid' ond circumf vetocity tm/s)

M. I. T. AXIAL TO RADIAL DIFFUSER

DECREASINO AREA

SIAIION $

5.1 RUNSA ( inlet swirl 23 degrees, incree-
sing arca ) : Figure 3 it can seen that the
predicted velocity profiles compare well' witb the
measured pro6l€s, although the prrssure gradient
is the most adverse one and the blockage is
the thickest one, when compared with the other
runs. The freestream velocity should normally
decrease from inlet to the outlet ( increasing
area )r but this is not the case due to the

increasing end-wall blockage elfects. 'qe+.

5.2 RUN E { nearly conltaat area, inlet swirl

59 degrees ). The blockege levels are ho\revcr'

in general well predicted in all the stations

(Vm profiles ).

In the large inlet sluirl case. a good agr€em€nt

is observed up to station '1. although a vcry

large inlet blockage iE present ( fig- 4, station 1)'

At exit the boundary layers are almost confluent'

5.3 RUN F (decreasing area): Frsm

figure 5 it appears that io case of decreasing

area a f air agreement with the experimsnl6l data

is found. The pressur6 gredient is negative,

the inlet swirl is smail aqd the cxporimental

data are of good qualitl'.

Conclusions :

A method for the prediction of an annular

dif fuser fiow has beeD summatized' It has been

applied to an axial to radiel diffuser anq the

results have been compared with experimental data'

Agreement is in general observed and the

overall behaviour of rhe diffuser flow is correctly

predicted for several configurations and irrlet

swirls.

Some discrepancies are observed which may

be due to consistency problems in defrning 'f ree

streasr' quantities or to local separations which

are not predicted bY the theory, however'

The present method shows that it is possible

to take curvaturc and inlet swirl into account

through an interaction between simple maln flow

and integral boundary l&yer aPpraaches'

Ft'
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