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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 CIRCULAR ANNULAR DIFFUSERSIN INCOMPRESSIBLE

FLOW

1. NOTATION, UNITSAND DEFINITIONS
Notation and Units

Three coherent systems of units are given below.

A cross-sectional flow area of duct
g Cpr static-pressure recovery coefficient (see Equation (1.1))
(%]
wl
0 * value of C__ attained in adiffuser of optimum arearatio for
© Cpr . r .
£ given length ratio and wall angles
o
§ C;;‘ vaueof C attained in adiffuser of optimum length ratio for
= given arearatio and wall angles
= D duct diameter
(O]
§ Dy, duct hydraulic or equivalent diameter, 4A/wetted perimeter
= (= 2h for annulus)
L
© h annulus width, R —R, (see Sketch 1.1)
§ Kt total-pressure loss coefficient (see Equation (1.2))
Eﬂ L axia length of diffuser (see Sketch 1.1)
§ Lq length of parallel duct downstream of diffuser (tailpipe)
; (see Sketch 1.1)
&)
o L, length of parallel duct upstream of diffuser (see Sketch 1.1)
m mass flow rate
p static pressure
o8 total pressure (see Equation (1.3))
R duct radius
Re inlet Reynolds number, V1h, /v,
r annulusradiusratio, R/R,

For footnotes see end of Notation Section.
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\Y, local axial flow velocity m/s ft/s ft/s

Vi area-averaged flow velocity, m/pA m/s ft/s ft/s

a kinetic energy coefficient, [1/(\_/3A)] jAvsdA - _ _

v fluid kinematic viscosity ms  ft¥ls  ftls

P fluid density kgm? loit® dug/ft

o anglc)e between duct wall and duct axis (positivefor adiverging  degrees degrees degrees
cone

g " Use of the name Pascal (Pa) for this unit is now recommended in the S| system.
ol
S Suffixes
<
8
v e refers to conditions at exit from diffuser or diffuser-tail pipe combination
+=
Z [ refersto inner wall of annulus
<
g 0 refersto outer wall of annulus
>
g 1 refersto conditions at diffuser entry
L
= 2 refersto conditions at diffuser exit
% 3 refersto conditions at tailpipe reference point, 4h,, from diffuser exit
S
.'ED Definitions
>
= The static-pressure recovery coefficient is defined by
O
8 Pe—P
e M1
o Cy = —. (1.2)
YopVy

and the total -pressure loss coefficient by

Py — P
K, = ‘—;e (1.2)

Yop \71

where suffix e istaken 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 the mass-averaged value given by

Py = pt+oa(YepV 2) : (1.3)
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where a isthe kinetic energy coefficient which relates the mass-averaged kinetic pressure to the product
vpV2,i.e

o= (i [ Al/szde)/(l/zp\_/z). (1.4)

The geometry of ageneral annular diffuser and its associated ductwork is shown in section in Sketch 1.1.

2 3 4
‘ 4h, ‘ ‘
| |
hy
h1 Rol
%
L, L Ly
Sketch 1.1 Geometry of typical annular diffuser
2. SUMMARY OF DATA PRESENTED AND APPLICABILITY

This Data ltem presentsinformation on the performance of some straight-axis, straight-walled diffusers of
concentric, circular, annular cross section. The names used in the Item for certain specia types are given
in Table 8.1 which also includes expressions for the arearatio, A,/A, , interms of the length ratio, L/h,,
wall angles ¢; and ¢, and theinlet radiusratio, r, (Equations (8.1) to (8.7)).

The datagiven in the Item are derived basically for axi-symmetrical diffuserswith smooth corners at entry
and with the struts supporting the centre body well outside the diffuser (see Section 4.3.5). The entry flow
conditions are basically fully-devel oped, incompressible annular flow with Reynolds number greater than
about 5x10°, free from any influence of adjacent duct components. Application of the data for other
conditionsis discussed in Section 4.3.

ESDU Copyright material. For current status contact ESDU.

The effects of diffuser geometry on the overall flow patternsin the diffusers are discussed in Section 3.

Sections 4.1 and 4.2 discuss the static-pressure recovery coefficient data presented. Data are presented
graphically for symmetrical diffusers, parallel core diffusersand general type diffusers (see Table 8.1) with
¢; = 5°. For other types some guidance is given. The arearatio giving maximum C . for agiven length
ratio and the length ratio giving maximum C . for agiven arearatio are shown by the C?;r and C;;* lines
respectively. The data are estimated to be generally within £0.1 in CIDr with the highest uncertainty in
values for arearatios greater than 2.

Section 5 shows how a total-pressure loss coefficient can be derived from the static-pressure recovery
coefficient. The results are given in equation form only.

Documents
3 . - Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 75026 C 2007


http://www.avadocuments.com/doc/esdu-75026-c-2007
http://www.avadocuments.com/doc/esdu-75026-c-2007

ESDU 75026

3. FLOW CONDITIONS

Figures1and 2 show thediffuser geometriesinwhich local separation onasignificant scalemay beexpected
to occur in parallel core and symmetrical diffusers (see Table 8.1), based primarily on data from
Derivation 4. Inthepresence (asisusually the case) of radial strutssupporting the centre body, the separation
in diffusers with geometriesin or near the hatched bands is most likely to occur immediately downstream
of the struts. As higher area ratios or shorter lengths are used the separated regions increase in volume
leading to a lack of symmetry in the outlet flow. For symmetrical diffusers it has been noted in
Derivations 4, 6 and 7 that separation occurs only on the outer wall, but for larger angles(¢ > 10°) and area
ratios (A,/A, > 6) than were covered, separation from theinner walls may occur. For other types of diffuser
no datawere found. For the equiangular (Table 8.1) and general typeswith small inner wall angles (¢; < 5°
say) Figure 2 will probably apply approximately. For large valuesof ¢; ( >15°), the diffuser entry forms
asignificant bend and alarge rounding radius of about 2h, is advisable to avoid premature separation.

4. STATIC PRESSURE RECOVERY
4.1 Diffuser swithout Tailpipes

Figure 3 shows C,. for symmetrical annular diffusers (see Table 8.1) with fully-devel oped entry flow and
with freedischarge (notailpipe). Figure 3isbased primarily on datafrom Derivation 4 reduced as described
in Derivation 11. Over the range of values covered (0<r,<0.85), C . isessentialy independent of inlet
radius ratio, r, except when the centre-body converges to a point before the end of the diffuser. The
maximum arearatio attainablefor agiven wall angleif thisisnot to occur isafunction of inlet radiusratio
(Equation (8.4))4r and is shown on Figure 3. For larger arearatios the diffuser continues beyond the end of
the centre body as a plain cone. The true overall arearatio isthen given by Equation (8.5)'. No data were
found for such cases but as an approximation it is suggested that Cp be taken from Figure 3 at the actual
length ratio, L/h; , and at an arearatio given by Equation (8. 3)

Figures 4 to 7 show contours of C . for parallel core annular diffusers of several inlet radius ratios with
fully-devel oped entry flow and free discharge. For other radius ratios interpolation between these Figures
is satisfactory but extrapolation beyond r, = 0.85 isnot recommended. Figures 4 to 7 are based primarily
on data from Derivation 4 reduced as described in Derivation 11.

The arearatio for which C . isamaximum for a given diffuser length ratio and the length ratio for which

Cp isamaximum for aglven diffuser arearatio are given by the Chr and C** lines shown on the Figures.

ESDU Copyright material. For current status contact ESDU.

The data found for other types of annular diffuser are insufficient to generalise but some guidance on the
pressure recoveries to be expected follows.

Contour plotsof C_ . developed from an empirical approach in Derivation 11, are givenin Figures 8to 10
for genera type dlfDuserswnh ¢; = 5° andforr; = 0, 0.4, and 0.8. Values of C ; for other radiusratios
may be found by interpolation between these Fi gur&

For other diffuserswith geometriesfor whichthearearatio, A,/A; , and lengthratio, L/h,, lieintheregion
around Cf§, an approximate value of C, may be obtained by reading from Figure 6 at the
appropnatevalues of Aj/A; and L/h;. The C§; line is relatively unaffected® by changes in wall
angle and radius ratios in the ranges around 0<¢<15° and 0.4<r,<0.7, provided that the geometry is

: Equation (8.4) givesthemaximum arearatio attainablefor r, = 0 (i.e. aconical diffuser) as1.0 and Figure 3 therefore doesnot correspond
directly with the conical diffuser data.
T Equations (8.3) to (8.5) areto be found in Table 8.1.
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not such as to precipitate separation, e.g. a sharp cornered inlet. This approximation is least reliable for
geometrieswhere the outer wall angleissmall and the inner wall converges rapidly, e.g. the parallel casing

type.

Inthe absence of better information for other diffuser types, values of Cpr may be obtained by interpolation
between suitable curves given in this [tem.

4.2 Diffuserswith Tailpipes

Pressure recovery contours for parallel core and symmetrical diffusers with tailpipes are shown in
Figures 11 to 15 based primarily on datafrom Derivation 4. The dataapply strictly for diffuserswith annular
tailpipes but the pressure recovery is unlikely to be significantly affected if the centre body is truncated.
Downstream of the truncated centre body separated flow may exist for a distance of about 5D;, which
may have an adverse effect on other components within that distance.

Figures 11 to 15 are derived for tailpipes of length L ;/h, = 4 approximately but will apply for lengthsin
therange 4h, to 8h,. For longer tailpipes a better approximation is given by

L.,—4h, (A2
d 2 1
C =4f—£—2] , (4.1)
pr D, (A

where D, , is the downstream duct hydraulic diameter (= 2h,) and f is the friction factor for the
downstream duct, from, for example, ESDU 66027. For shorter tailpipes, interpolation between the value
from Figures 11 to 15 with 4h, tailpipe and the value from Figures 3 to 7 without tailpipe gives a good
approximation.

4.3 Some Factors Influencing Pressure Recovery
4.3.1 Inlet flow conditions
Naturally-developing flow, diffuser swithout tailpipes
For naturally-developing flow, Cpr for diffusers without tailpipes varies with inlet duct length, L /h; .

Sketch 4.1 shows a typical example of the variation but the precise shape of the curve depends on the
diffuser geometry and the conditions at entry to the upstream duct.

ESDU Copyright material. For current status contact ESDU.
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Sketch 4.1 Satic pressurerecovery data from Derivations6 and 7
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Thus to a good approximation the data given in Figures 3 to 10 for fully-developed entry flow may be
applied for very short entry lengths provided that the duct entry is profiled so asto avoid local separation
or avelocity profileat thediffuser entry whichisstrongly biased towards onewall. The maximum reduction
in C, between the two extremes of entry length is of the order of 10 per cent for most geometries but
increases towards 15 to 20 per cent near Cf5,

Naturally-developing flow, diffuser swith tailpipes

For diffusers with tailpipes the pressure recovery in the tailpipe compensates for variations in inlet
conditions where these approximate naturally-devel oping flow and Figures 11 to 15 may be taken to apply
for al inlet lengths, L /h; .

Other inlet velocity profiles

Inlet velocity profileswhich are markedly more asymmetric or more peaky (high ratio of maximum to mean
velocity) than the natural ly-devel oping profileswill generally have an adverse, possibly large, effect onthe
pressure recovery performance of diffusers. However, if the maximum velocity is biased towards the wall
on which separation occurs (as noted in Section 3 thisis usually the outer wall when that wall diverges) a
small improvement in performance may be obtained.

For diffuserswith aplain upstream pipe (i.e. no centre body) the datain this Item may be expected to apply
approximately provided that the upstream end of the diffuser centre body is well profiled so as to avoid
local separation and extends a short distance upstream of the minimum area plane.

Swirl

The datain this Item do not apply when a significant swirling component is present in the inlet flow. The
separation patterns in the diffuser are altered by swirl in the flow and separation may be completely
suppressed or may even occur on the oppositewall to that normally expected (Derivation 5). Theinteraction
of struts with swirling flow is a dominant feature of the flow pattern and it is advisable to place struts as
far downstream as possible in the diffuser to minimise adverse effects.

Turbulence

No data were found on the effect of inlet turbulence level on the performance of annular diffusers but it
may be expected that small increases up to intensities of about 6 per cent will improve static pressure
recovery performance (asisfound for conical diffusers) unless accompanied by distortion of theinlet flow.
However, an increase in total-pressure loss within the diffuser may be expected.

ESDU Copyright material. For current status contact ESDU.

4.3.2 Inlet Reynolds number and Mach number

The majority of data on which this Data Item is based were obtained for Reynolds numbers around 5x 10*
to 2x10™ and Mach numbers less than 0.3.

Variationsin Reynolds number above Re = 5x10" are unlikely to cause large changesin C but at lower
Reynolds number the pressure recovery decreases®.

Data from Derivation 1 show that for small wall angles (¢ <6°), increases in Mach number to as high
as 0.7 have little effect on pressure recovery but this value is likely to be reduced as ¢ is increased.
Avoidance of sharp corners at the diffuser entry is especially important at high entry Mach numbers.
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4.3.3 Junction with inlet duct

In general, sharp corners at the junction of the diffuser and the inlet duct should be avoided. However, for
small angles, ¢, and ¢; up to about 5°, the effect of junction shape may be expected to be small, as for
conical diffusers. For large angles, ¢, and ¢; greater than 10° to 12°, the junction should be well rounded
to prevent precipitation of separation. For large angles, where (¢,—¢;) issmall, the inlet region takes on
the character of a bend and as such may dominate the flow. An example is given in Derivation 8.

4.3.4 Adjacent components

The effect of upstream componentsissmall provided their outlet flow isaxi-symmetric and they are at |east
20h; upstream. Components producing asymmetric exit flows tend to reduce diffuser pressure recovery
unless at least 30h; upstream and any radia distortion will frequently be amplified by the diffuser.
Circumferential distortions, however, tend to mix out.

Components downstream of a diffuser exert little influence unless they are located less than 12h,
downstream. Components with uniform resistance close to the diffuser exit such as a flow straightening
honeycomb or a tube bank can improve the performance of the diffuser but the component's performance
may be adversely affected by asymmetriesin the diffuser exit flow.

435 Centre-body supporting struts

The data given in this Item were derived from tests on experimental diffusersin which interference from
centre-body supports was eliminated by placing them well outside the diffuser. Practical diffusers often
cannot be constructed in such a manner but the interference can be minimised by using short-chord radial
struts (length/chord > 10) of small cross-section (totalling less than about 10 per cent of the annulus areq)
and placing them in the regions of low pressure gradient towards the end of the diffuser when possible. If
long streamwise struts are used which tend to divide the diffuser into segments the flow will be dominated
by the effect of the corners between the struts and the walls and the performance will tend towards that of
plane-walled diffusers (see, for example, Derivation 10).

5. TOTAL-PRESSURE LOSS

Theloss of total pressurein an annular diffuser isstrongly influenced by details of geometry and inlet flow
which alter the flow pattern at outlet, and the few measured values of total-pressure loss available are
insufficient to generalise. However, as shown below, it is possible to evaluate a form of loss coefficient,
K}, which can be used in system total-pressure loss calculations to allow for the presence of the diffuser.
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From the definitions of total pressure and total -pressure | oss coefficient given in Equations (1.3) and (1.2),
avalue of K, applying between the diffuser inlet plane 1 and the exit plane e can be expressed as

A 2
K. = a,-C. —a— (5.1)
¢ = oy or oceA . .

The term O‘e(AllAz)z represents the kinetic energy remaining in the flow at the exit plane. If the diffuser
or diffuser/tail pipe system dischargesinto alarge space (e.g. the atmosphere) so that thiskinetic energy is
not utilised in another duct component, the overall loss coefficient between the inlet plane and the large
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