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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.
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PERFORMANCE OF CONICAL DIFFUSERSIN INCOMPRESSIBLE FLOW

1 NOTATION AND UNITS

Three coherent systems of units are given below.

S British

A cross-sectional area of duct m? ft? ft?

Cpr static-pressure recovery coefficient (see Equation (2.2)) — - -
= D diameter of duct, 2R m ft ft
% Ky total-pressure loss coefficient (see Equation (2.3)) — - —
4§ L axia length of diffuser (see Sketch 2.1) m ft ft
g Ly length of tailpipe (see Sketch 2.1) m ft ft
§ L, length of parallel duct upstream of diffuser m ft ft
= (see Sketch 2.1)
% Ma Mach number - - -
E m mass flow rate kg/s Ib/s dlug/s
%‘j p static pressure N/m?  pdift?  Ibf/ft2
§ Py total pressure (see Equation (2.4)) N/m?  pdifft?  Ibf/ft?
§° R radius of duct m ft ft
§ Re Reynolds number, V1D 2V, - - -
= \ local axial flow velocity m/s ft/s ft/s
@ Y, area-averaged flow velocity, m/pA m/s ft/s ft/s

o kinetic energy coefficient, [1/(V 3A)]jAngA - _ _

v fluid kinematic viscosity mis  ftis ft?/s

P fluid density kg/m®  Ib/ftd slug/ftd

0] half divergence angle of diffuser (i.e. total divergence degrees degrees degrees

angle= 2¢)
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Suffixes
1 refersto conditions at diffuser entry
2 refersto conditions at diffuser exit
3 refersto conditions at tail pipe reference point
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INTRODUCTION

This Dataltem presentsinformation on static-pressure recovery, total-pressureloss and overall flow pattern
for flow through straight-axis conical diffusers. The effects of various geometrical and flow parameterson
the diffuser performance are discussed.

The geometry of atypical diffuser and its associated ductwork is shown in Sketch 2.1. For the case of a
diffuser with free discharge the diffuser exit plane 2 forms the end of the system.

Sketch 2.1 Geometry of typical diffuser

The principal geometrical parameters are related by the equation
A 2
2= (1o g
— = |1+ —tand| , (2.1)
A Ry
and the datain this Item are presented in the form of contours of constant C . or K; onagrid of arearatio,
AZIAl , and ratio of diffuser length to inlet duct radius, L/ Ry, with lines of constant diffuser half-angle, ¢,

asan auxiliary scale.

The static-pressure recovery coefficient is defined by

Pe—P
c. = =1 (2.2)

pr — 2
pV 1

and the total-pressure |oss coefficient by

Pi1 — P
Kt = t—_tze (2.3)
YooV 1
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where the suffix eistaken as 2 or 3 according to whether the diffuser has free discharge or tailpipe outlet
conditions. The static pressure is assumed constant across sections 1 and 2 or 3 and the total pressureis
defined as

—2
Py = p+oa¥%pV . (2.9

3. FLOW REGIMES

The overall flow pattern in conical diffusers falls essentially into one of the three main types described in
Table 8.1. The boundaries between the regimes, shown in Figure 1, depend on diffuser geometry and, to a
smaller extent, on entry flow conditions. Since the experimental assessment of these boundaries is very
subjective, only an approximate indication of their location can be given. If the regime of operation is
important then the diffuser geometry should be chosen to lie outside the hatched bands of Figure 1.

The boundaries of the regimes for thin, naturally-developing inlet boundary layers tend to lie in the upper
part of the hatched bands shown in Figure 1. The line of onset of appreciable transitory separation is based
on datafrom Derivations 16, 22 and 25 but the jet flow boundary isbased on that for plane-walled diffusers
asno datawerefound for conical diffusers. Sincethisboundary liesinaprimarily “ angle-dependent” region
of performance, equivaence of the diffuser half-angles and of L/R; to length/inlet width of the
corresponding plane-walled diffusers has been assumed. For fully-developed inlet flows, data from
Derivation 25 suggest that the boundaries lie below those for thin inlet boundary layers, in the lower part
of the hatched bands.
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4, STATIC-PRESSURE RECOVERY

Static-pressure recovery coefficients are presented in Figures 2 to 5 for diffusers without tailpipes and with
varying lengths of duct upstream. Figure 6 presents the coefficients for diffusers with tailpipes. Th@e
Figures apply basicaly for incompressible (Ma< 0.2) , naturally-developing inlet flows at Re= 10°.

4.1 Diffuser swithout Tailpipes

The performance of diffuserswithout tail pi pes (free-discharge exit condition) isinfluenced by the condition
of theinlet flow. For naturally-developing inlet flow thisis primarily dependent on the entry duct length,
L,/D , which determines the boundary layer development. Thus C . varieswith L /D, asshown by a
typical curvein Sketch 4.1, the exact shape of the curve depending on the diffuser geometry.

0.8
Figure 2 Figure3 Figure4 Figure5for L /D, > 50
07\\
C
pr N ////
0.6
0=4°AJA =25
0.5 : : :
0 10 20 30 40 50 60 70 80

L,/D,
Sketch 4.1 Static pressurerecovery

Figures 2 to 5 show contours of constant C . for values averaged over the four rangesof L /D indicated
on Sketch 4.1. For fully-developed flow (L /D, 250, Figure 5), Cpr does not vary with L /D, . For
Figures 2 to 4, the value of Cpr at any L /D, within each range is generally within +10 per cent of the
averaged value given by the contours but for very short inlet ducts, say 1 to 2 diameters long, CIor may be
up to 15 per cent higher than the averaged values from Figure 2.

ESDU Copyright material. For current status contact ESDU.

The data of Figures 2 to 5 are estimated to be accurate within £0.05 in Cpr , except in the regions of
extrapolated data where the accuracy cannot be assessed. Figure 2 is based on data from Derivations 3,
8-10, 12, 13, 15, 16, 18, 21, 24 and 27, Figure 3 on datafrom Derivations 10, 15, 21, 24 and 27 and Figures
4 and 5 are based on data from Derivations 12, 15, 21 and 27.

4.2 Diffuser swith Tailpipes

When adiffuser isfitted with atailpipe the effect of variationsin inlet conditions is considerably reduced,
provided that the tailpipe is long enough for more or less complete pressure recovery to take place. In
general, for diffusers with naturally-developing inlet flow, a tailpipe length, L, of 4D, will alow full
pressure recovery but for some geometries in the upper part of the transitory separation regime longer
tailpipes may be required. The incomplete recovery will tend to be more noticeable in irregularitiesin the
outlet velocity profile than in areduction in Cpr

Figure 6 presents pressure-recovery coefficient contours for diffuser-tailpipe combinationswith L /D, in
therange 4 to 8. Within thisrange of L /D, the available data show no significant trends in the variation
of Cpr with either L4/D, or L /D, and the data may be taken to apply for al naturally-developing inlet
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flows. Figure 6 isbased on datafrom Derivations 1t05, 7, 14, 15, 22 and 24. Thedatain the regions defined
by solid lines are assessed to be accurate to within £0.05in C . but the extrapolated data should be used
with caution, especially in the transitory separation regime (see Flgure 1). For tailpipes longer than 8D,
the value of C at the end of the tailpipe is given approximately by’

. I‘d_8D2 Al ?
Cpr = Cpr(FlgureG) _4fD—2 A_ . (4.1)

For tailpipes shorter than 4D, a linear interpolation between the curve with a 4D, tailpipe and the
appropriate curve without a tailpipe gives a good approximation to Cpr ,

o L : o
C,, [short tailpipe] = C no tailpipe | , _d C with 4Dt0 8D, _c,__ | notalpipe | | 4.2
pr P| Giouresos| 4D, P " Figures2-
igures 2-5 2 tailpipe (Figure 6) igures 2-5

43 Optimum Pressure Recovery Lines

Two optimum lines may be determined from the contour maps, the Cj;, linewhichisthelocusof geometries
forwhich C . isamaximumfor agivendiffuser lengthandthe C’* linewhichisthelocusof geometries for
which C . Isamaximum for agiven arearatio. The C}; lineis defined clearly on all four maps but the
C;; linecannot beuniquely defined at low arearatioson Figure6 for diffuserswith tailpipes. Thelocation
of the optimum lines was found to be independent of inlet conditions (for naturally-developing inlet flow)
for diffusers without tailpipes, but the actual pressure recovery achieved for a given optimum geometry
does depend on inlet conditions.

4.4 Effect of Variation in Reynolds Number

The contours shown in Figures 2 to 5 are derived for an inlet Reynol ds number of about 10°. Within
the accuracy of the data, variationsin Reynolds number above 5x10* have been assumed to have negligible
effect on C, . However, two sources (Derivations 21 and 24) do show a systematic increase in C of
about 5 per cent for Re increasing from 10° to 108 when the diffuser operatesin the transitory separanon
regime. For low Reynolds numbers no systematic data were found but C is generally much reduced
especially inlaminar flow when separation occurs at much lower adverse pressure gradients. For Re< 104,

Cpr isunlikely to exceed about 0.4 and will generally be lower.
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45 Effect of Increasing Mach Number

The data presented are for incompressible flow (Ma< 0.2). However, for Mach numbers up to about 0.5
the effect of compressibility on Cpr is small (Derivations 19 and 20). For higher Mach numbers more
significant effects occur culminating in a sudden fall in C . when choking occurs at the diffuser throat.
The shape of the junction between the inlet pipe and the diffuser becomes particularly important in
compressible flow and sharp edges should be avoided.

4.6 Other FactorsInfluencing Diffuser Pressure Recovery
Few data were found for diffusers other than for smooth, carefully-made diffusers isolated from other

components and operating with naturally-developing entry flows. It is therefore only possible to give
general guidance on the trends of effects of departures from these idealised experimental conditions.

" Notethat the arearatio term is required sincef, the friction factor, (from, for example, ESDU 66027) is derived on the basis of velocity
V, whereas C is based on velocity V1 .
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