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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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

THE PREPARATION OF THIS DATA ITEM

The work of the permanent professional staff of the Engineering Sciences Data Unit on this particular Item was
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of the Institution of Structural Engineers, Mr E.C. Firman had been appointed to represent the interests of mechanical
engineering as the nominee of the Institution of Mechanical Engineers, and Mr B. Payne had been appointed to
represent the interests of chemical engineering as the nominee of the Institution of Chemical Engineers.
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ESDU 75026
PERFORMANCE OF CIRCULAR ANNULAR DIFFUSERS IN INCOMPRESSIBLE 
FLOW

1. NOTATION, UNITS AND DEFINITIONS

Notation and Units

Three coherent systems of units are given below.

SI British

cross-sectional flow area of duct m2 ft2 ft2

static-pressure recovery coefficient (see Equation (1.1)) – – –

value of  attained in a diffuser of optimum area ratio for 
given length ratio and wall angles

– – –

value of  attained in a diffuser of optimum length ratio for 
given area ratio and wall angles

– – –

duct diameter m ft ft

duct hydraulic or equivalent diameter,  
( for annulus)

m ft ft

annulus width,  (see Sketch 1.1) m ft ft

total-pressure loss coefficient (see Equation (1.2)) – – –

axial length of diffuser (see Sketch 1.1) m ft ft

length of parallel duct downstream of diffuser (tailpipe) 
(see Sketch 1.1)

m ft ft

length of parallel duct upstream of diffuser (see Sketch 1.1) m ft ft

mass flow rate kg/s lb/s slug/s

static pressure *N/m2 pdl/ft2 lbf/ft2

total pressure (see Equation (1.3)) *N/m2 pdl/ft2 lbf/ft2

duct radius m ft ft

inlet Reynolds number, – – –

annulus radius ratio, – – –

For footnotes see end of Notation Section.

A

Cpr

C∗pr
Cpr

C**pr Cpr

D

Dh 4A/wetted perimeter
2h=

h Ro Ri–

Kt

L

Ld

Lu

m

p

pt

R

Re V1h1/ν1

r Ri/Ro

Issued October 1975 – 27 pages 
Reprinted at Amendment C – March 2007

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

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


 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

2

ESDU 75026

Suffixes

Definitions

The static-pressure recovery coefficient is defined by

, (1.1)

and the total-pressure loss coefficient by

, (1.2)

where suffix  is taken 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 pressure is
defined as the mass-averaged value given by

, (1.3)

local axial flow velocity m/s ft/s ft/s

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

kinetic energy coefficient, – – –

fluid kinematic viscosity m2/s ft2/s ft2/s

fluid density kg/m3 lb/ft3 slug/ft3

angle between duct wall and duct axis (positive for a diverging 
cone)

degrees degrees degrees

* Use of the name Pascal (Pa) for this unit is now recommended in the SI system.

refers to conditions at exit from diffuser or diffuser-tailpipe combination

refers to inner wall of annulus

refers to outer wall of annulus

refers to conditions at diffuser entry

refers to conditions at diffuser exit

refers to conditions at tailpipe reference point,  from diffuser exit

For footnotes see end of Notation Section.

V

V m/ρA

α 1/ V
3
A( )[ ] V

3
Ad

A
∫

ν

ρ

φ

e

i

o

1

2

3 4h2

Cpr

pe p1–

½ρV1
2

------------------=

Kt

pt1 pte–

½ρV1
2

----------------------=

e

pt p α ½ρV
2

( )+=
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ESDU 75026
where  is the kinetic energy coefficient which relates the mass-averaged kinetic pressure to the product

, i.e.

. (1.4)

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

Sketch 1.1   Geometry of typical annular diffuser

2. SUMMARY OF DATA PRESENTED AND APPLICABILITY

This Data Item presents information on the performance of some straight-axis, straight-walled diffusers of
concentric, circular, annular cross section. The names used in the Item for certain special types are given
in Table 8.1 which also includes expressions for the area ratio, , in terms of the length ratio, ,
wall angles  and , and the inlet radius ratio,  (Equations (8.1) to (8.7)).

The data given in the Item are derived basically for axi-symmetrical diffusers with 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-developed, incompressible annular flow with Reynolds number greater than
about , free from any influence of adjacent duct components. Application of the data for other
conditions is discussed in Section 4.3.

The effects of diffuser geometry on the overall flow patterns in 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 diffusers and general type diffusers (see Table 8.1) with

. For other types some guidance is given. The area ratio giving maximum  for a given length
ratio and the length ratio giving maximum  for a given area ratio are shown by the  and  lines
respectively. The data are estimated to be generally within ±0.1 in  with the highest uncertainty in
values for area ratios 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.

α
½ρV2

α 1
m
---- ½ρV2 md

A∫ 
  / ½ρV

2
( )=

1

2 3 44h2

h2

h1
Ro1

Ri1

φi

φi

φo

φo

Lu L Ld

A2/A1 L/h1
φi φo r1

5
4×10

φi 5°= Cpr
Cpr C∗pr C**pr

Cpr
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ESDU 75026
3. FLOW CONDITIONS

Figures 1 and 2 show the diffuser geometries in which local separation on a significant scale may be expected
to occur in parallel core and symmetrical diffusers (see Table 8.1), based primarily on data from
Derivation 4. In the presence (as is usually the case) of radial struts supporting the centre body, the separation
in diffusers with geometries in 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  and area
ratios  than were covered, separation from the inner walls may occur. For other types of diffuser
no data were found. For the equiangular (Table 8.1) and general types with small inner wall angles (
say) Figure 2 will probably apply approximately. For large values of , the diffuser entry forms
a significant bend and a large rounding radius of about  is advisable to avoid premature separation.

4. STATIC PRESSURE RECOVERY 

4.1 Diffusers without Tailpipes

Figure 3 shows  for symmetrical annular diffusers (see Table 8.1) with fully-developed entry flow and
with free discharge (no tailpipe). Figure 3 is based primarily on data from Derivation 4 reduced as described
in Derivation 11. Over the range of values covered ,  is essentially independent of inlet
radius ratio, , except when the centre-body converges to a point before the end of the diffuser. The
maximum area ratio* attainable for a given wall angle if this is not to occur is a function of inlet radius ratio
(Equation (8.4))† and is shown on Figure 3. For larger area ratios the diffuser continues beyond the end of
the centre body as a plain cone. The true overall area ratio is then given by Equation (8.5)†. No data were
found for such cases but as an approximation it is suggested that  be taken from Figure 3 at the actual
length ratio, , and at an area ratio given by Equation (8.3)†.

Figures 4 to 7 show contours of  for parallel core annular diffusers of several inlet radius ratios with
fully-developed entry flow and free discharge. For other radius ratios interpolation between these Figures
is satisfactory but extrapolation beyond  is not recommended. Figures 4 to 7 are based primarily
on data from Derivation 4 reduced as described in Derivation 11.

The area ratio for which  is a maximum for a given diffuser length ratio and the length ratio for which
 is a maximum for a given diffuser area ratio are given by the  and  lines shown on the Figures.

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 plots of  developed from an empirical approach in Derivation 11, are given in Figures 8 to 10
for general type diffusers with  and for , 0.4, and 0.8. Values of  for other radius ratios
may be found by interpolation between these Figures.

For other diffusers with geometries for which the area ratio, , and length ratio, , lie in the region
around an approximate value of  may be obtained by reading from Figure 6 at the
appropriate values of  and . The  line is relatively unaffected2 by changes in wall
angle and radius ratios in the ranges around  and , provided that the geometry is

* Equation (8.4) gives the maximum area ratio attainable for  (i.e. a conical diffuser) as 1.0 and Figure 3 therefore does not correspond
directly with the conical diffuser data.

† Equations (8.3) to (8.5) are to be found in Table 8.1.

φ 10°>( )
A2/A1 6>( )

φi 5°<
φi  15°>( )

2h1

Cpr

0 r1 0.85< <( ) Cpr
r1

r1 0=

Cpr
L/h1

Cpr

r1 0.85=

Cpr
Cpr C∗pr C**pr

Cpr
φi 5°= r1 0= Cpr

A2/A1 L/h1
C∗pr Cpr

A2/A1 L/h1 C∗pr
0 φ 15°< < 0.4 r1 0.7< <
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ESDU 75026
not such as to precipitate separation, e.g. a sharp cornered inlet. This approximation is least reliable for
geometries where the outer wall angle is small and the inner wall converges rapidly, e.g. the parallel casing
type.

In the absence of better information for other diffuser types, values of  may be obtained by interpolation
between suitable curves given in this Item.

4.2 Diffusers with Tailpipes

Pressure recovery contours for parallel core and symmetrical diffusers with tailpipes are shown in
Figures 11 to 15 based primarily on data from Derivation 4. The data apply strictly for diffusers with 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  which
may have an adverse effect on other components within that distance.

Figures 11 to 15 are derived for tailpipes of length  approximately but will apply for lengths in
the range  to . For longer tailpipes a better approximation is given by

, (4.1)

where  is the downstream duct hydraulic diameter  and  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  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, diffusers without tailpipes

For naturally-developing flow,  for diffusers without tailpipes varies with inlet duct length, .
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.

Sketch 4.1    Static pressure recovery data from Derivations 6 and 7

Cpr

5Di2

Ld /h2 4=
4h2 8h2

Cpr 4= f 
Ld 4h2–

Dh2
-------------------- 

A1

A2
------
 
 
 2

Dh2 2h2=( ) f

4h2

Cpr Lu/h1

0.4

0.5

0.6

0.7

0 10 20 30 40 50 60 70 80 90 100 110 120

A2/A1 = 2, L/h1 = 7.5
φo = 6.65°, φi = 0°

Lu/h1

Cpr
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ESDU 75026
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 as to avoid local separation
or a velocity profile at the diffuser entry which is strongly biased towards one wall. The maximum reduction
in  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 .

Naturally-developing flow, diffusers with tailpipes

For diffusers with tailpipes the pressure recovery in the tailpipe compensates for variations in inlet
conditions where these approximate naturally-developing flow and Figures 11 to 15 may be taken to apply
for all inlet lengths, .

Other inlet velocity profiles

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

For diffusers with a plain upstream pipe (i.e. no centre body) the data in 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 data in 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 opposite wall to that normally expected (Derivation 5). The interaction
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 (as is found for conical diffusers) unless accompanied by distortion of the inlet flow.
However, an increase in total-pressure loss within the diffuser may be expected.

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 
to  and Mach numbers less than 0.3.

Variations in Reynolds number above  are unlikely to cause large changes in  but at lower
Reynolds number the pressure recovery decreases3.

Data from Derivation 1 show that for small wall angles , 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.

Cpr
C∗pr

Lu/h1

5
4×10

2
5×10

Re 5
4×10= Cpr

φ 6°<( )
φ
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ESDU 75026
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  is small, 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 components is small provided their outlet flow is axi-symmetric and they are at least
 upstream. Components producing asymmetric exit flows tend to reduce diffuser pressure recovery

unless at least  upstream and any radial 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 
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 asymmetries in the diffuser exit flow.

4.3.5 Centre-body supporting struts

The data given in this Item were derived from tests on experimental diffusers in 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 area)
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

The loss of total pressure in an annular diffuser is strongly 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,

, which can be used in system total-pressure loss calculations to allow for the presence of the diffuser.

From the definitions of total pressure and total-pressure loss coefficient given in Equations (1.3) and (1.2),
a value of  applying between the diffuser inlet plane 1 and the exit plane e can be expressed as

. (5.1)

The term  represents the kinetic energy remaining in the flow at the exit plane. If the diffuser
or diffuser/tailpipe system discharges into a large space (e.g. the atmosphere) so that this kinetic energy is
not utilised in another duct component, the overall loss coefficient between the inlet plane and the large

φo φi
φo φi

φo φi–( )

20h1
30h1

12h2

Kt

Kt

Kt α1 Cpr– αe

A1

A2

------
 
 
  2

–=

αe A1/A2( )2
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