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PRESSURE LOSSESIN CURVED DUCTS: INTERACTION FACTORSFOR TWO
BENDSIN SERIES
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PRESSURE LOSSESIN CURVED DUCTS: INTERACTION FACTORSFOR TWO
BENDSIN SERIES

1 NOTATION AND DEFINITIONS

1.1 Notation
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Ap,
m
n
R
Re
u

internal cross-sectional area’ of duct

internal dimension” of rectangular cross-sectional duct normal to plane of
bend (see Sketch 1.1)

internal diameter” of circular cross-sectional duct

equivalent diameter of duct of non-circular cross section (also known as
hydraulic diameter), 4 x cross-sectional area/internal perimeter

Fanning friction factor for fully-devel oped flow in a straight pipe,
ApJ[4(¥2pV?)(LID)] ; the value may be obtained from ESDU 66027
(Reference 3)

internal dimension” of duct cross section in plane of bend; duct width for
rectangular section (see Sketch 1.1)

static-pressure loss coefficient for an individual bend in interference-free
flow; the value is obtained from ESDU 83037 (Reference 4)

length of straight duct or pipe (measured along centre-line, see
Sketches 1.1 to 1.3, and 4.1)

static pressure

static-pressure |oss in the absence of terms due to gravity
total-pressure |oss (mass averaged)

mass flow rate

number of individual bends comprising a composite mitre bend (see
Sketch 1.3)

radius of curvature' of bend centre-line (see Sketches 1.1 and 1.3)
Reynolds number, pVDg/u

local absolute velocity

For footnotes see end of Notation Section.
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mean flow velocity, m/pA
kinetic energy coefficient (defined by Equation (4.3) in Section 4.2)

factor accounting for interference between bends in combination (defined
by Equation (4.1) in Section 4.1)

configuration angle, angle between direction of inlet and outlet flows (see
Sketch 1.4)

effective roughness height of pipe surface; the value may be obtained from
ESDU 66027 (Reference 3)

overal turning angle of abend (see Sketches 1.1, 1.2 and 1.3)
factor correcting for effect of downstream tangent length
dynamic viscosity of fluid

density of fluid

refers to segment spacer length of composite mitre bend (see Sketch 1.3)
refersto total straight length of bend (see Sketch 4.1)

refers to tangent length downstream of second bend of combination (see
Sketch 4.1)

refers to position at which fully-developed straight pipe flow (as defined
in Section 1.2) condition exists (see Sketch 4.1)

refers to minimum value
refers to spacer length between bends (see Sketches 1.4 and 4.1)

refers to tangent length upstream of first bend of combination (see
Sketch 4.1)

refersto first bend of combination

refers to second bend of combination

degree

degree

N g/m?

kg/m®

" Theinternal cross-sectional dimensions to be used in this Item must be actual values and not the nominal values quoted by
manufacturers which may be considerably different.
T For composite mitre bends R is defined as (L,/2)/cot(6/2n) .

1.2 Definition

Fully-developed flow, for the purposes of this Item, is defined as flow having a constant pipe friction
gradient; the appropriate val ue of pipefriction gradient may be calculated from ESDU 66027 (Reference 3).
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13 Geometry of Bends
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Sketch 1.1 Circular-arc bend

Sketch 1.2 Single mitre bend
Minimum downstream tangent shown
dotted

_D,._ 0

Sketch 1.3
Composite mitre bend
R = Qcotﬂ
2n
(n isnumber of individual bendsn = 3
in example shown)
Minimum downstream tangent shown
dotted
D 0

I‘d,min = -z.tan%
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Configuration angle
(in plane XY)

Flow™

direction

Sketch 1.4
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2. INTRODUCTION

With two bends in series the overall pressure loss is not obtained by summing the individual bend losses
unlessthe spacing between the bendsis sufficiently large to eliminate interference effects (see Table 11.2).

This Item gives values of a correction or interaction factor, 3, that relate the overall loss of combinations
of two bends in series to the sum of the losses for the individual bendsin interference-free flow.

Thetypes of bends considered in thisItem are circular arc and mitre, both of constant cross-sectional area.
A further subdivision of mitre bends into either single mitre or composite types is made. The geometries
of the three types of bends are shown in Sketches 1.1to 1.3.

For a particular combination of bends the interaction factor, 3, is given as a function of the following
geometrical parameters.

(@
(b)

(©)
(d)

()
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the overall turning angles of the individual bends.

the configuration angle (see Sketch 1.4) of the two bends (angle
between directions of inlet and outlet flows).

the non-dimensional spacer length between bends.

the non-dimensional downstream tangent length (for circular-arc
bends only).

the radius ratios of individual bends (where applicable).
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3. APPLICABILITY OF THE DATA
The datain this Item are only applicable to:
(1) single-phase fluids,
(i) fluids which can be regarded as incompressible (see Table 11.1) and Newtonian,
(iii) duct or pipe systems running full,
(iv)  flowswith negligible heat transfer.
In addition, the data are strictly only applicable for bend-tangent connections that produce flush internal
surfaces between these components, as for example carefully aligned flanged couplings (Section 5.8 gives
some guidance for other conditions).
The limited data available are mainly for smooth-surfaced, carefully manufactured (see Section 7) bends
of circular cross section at Reynolds numbers of the order of 10°. It is assumed that the effects of surface
roughness and Reynolds number are accounted for in theloss coefficient, K, of eachindividual bend, and
that the interaction factor, 3, is independent of those parameters. For bends of non-circular cross section,

see Section 6.

The ranges of applicability of the parameters relevant to the data given in this Item are summarised in
Table 11.1.

For various combinations of bends the maximum spacer length, L, for negligible interference effects,
i.e. p =1, between two bends in series is given in Table 11.2. For larger values of L this Item is not
required since the pressure loss due to each bend can be calculated separately.

ESDU Copyright material. For current status contact ESDU.
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4. CALCULATION OF PRESSURE LOSS
4.1 Satic-pressure L oss

In the absence of gravitational terms the static-pressure |0ss between asection” in fully-devel oped flow (as
defined in Section 1.2) upstream' of a combination of two bends in series and a downstream section’ is
given by:

4
8pg = ¥pVZ[B(Kg + Kgp) + S-3L | (4.2)
E

The symbols K, and K, denote the static-pressure loss coefficients for the individual bends with long
tangents in interference-free flow. For consistency the loss coefficient appropriate to a particular type of
bend must be obtained from ESDU 83037 (Reference 4). The parameter § (given in Sections 5 and 6) is
the correction factor for the interference between the bends when combined. Dataare presented in theform
B/A where A is afactor allowing for the effect of a short tangent downstream of the second bend (see
Section 5.1.1).

Theterm (4f ZL)/Dg isthetota frictional pressure loss, with the assumption of full y-devel oped flow, in
the straight parts of the duct system and ZL includes the upstream and downstream tangent lengths, L,
and L, as well as the spacer length between the bends, L. For composite mitre bends L must also
include the spacer lengths between bend segments, XL, for consistency with the particular definition of
loss coefficient used for this type of bend in ESDU 77008 (Reference 4). Values of the friction factor, f,
may be obtained from ESDU 66027 (Reference 3) and are calculated as functions of Re and /D .

Flow Upstream tangent Bend 1 Spacer Bend 2 Downstream tangent
— /
L. | L
L | L1 Ls L2 d (Lorq
(Ld)fd, min
Py — i

ESDU Copyright material. For current status contact ESDU.

(Lu)fd, min = 5D \ ______________
\ Straight pip{
friction gradient

For circular-arc and single mitre bends: L, = 0
For composite mitre bends: L, = ZL

I

Distance

Sketch 4.1 Typical static-pressure distribution of two bendsin combination

" These sections are in regions where the static pressureis sensibly uniform across the duct. The pressure distribution will be non-uniform
inthelengths L /D<2 and L /D <2 (Derivation 12).
T Theinfluence of the first bend extends upstream as much as 5 diameters and in this length the flow will not be fully developed®.
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4.2 Total-pressure Loss

The total-pressure loss corresponding to the static-pressure loss between two sections which span a
combination of two bendsin series may be expressed as:

Ap, = Apg+ YapV2(o, — o) (4.2)

where u and d refer to sections in the upstream and downstream tangents respectively, and o, the kinetic
energy coefficient which allows for the effects of a non-uniform velocity profile, is given by:

1
= f 1 2 1 2
a (mJA oU dm)/(/zpv ). 4.3)
Between sections where fully-developed flow exists,i.e. L /D = (Lu/D)fol and Ld/Dz(Ld/D)fol min (see
Table 11.2), a4 will approximateto o, (which isequal to o) and Equation (4.2) reducesto: ™
Ap, = Apg. (4.9

For downstream tangent lengthsinsufficiently long to allow fully-devel oped flow (asdefined in Section 1.2)
to recover, i.e. L /D < (Ld/D)fd’ min’ little information on velocity profiles is available and generally no
evaluation of o ispossible. However, the velocity profile at exit from atwo-bend combination is usually
distorted considerably from the velocity profile at inlet to thefirst bend. Asaresult, oy at L/D = O'is
aways greater than o, . Withiincreasing L /D , the value of oy rapidly fals to the fully-developed flow
condition, i.e. oty = oy at Ly/D = (Ld/D)fd (in turbulent flow, for Re = 10°, oq=1.06). Hence for an
estimate of maximum total-pressure loss the minimum value of o, (equal to o) is substituted into
Equation (4.2) which, when fully-developed flow occurs upstream of the first bend (o, = o), reduces
to Ap, = Apg.

Note that when the overall pressure losses for a system of several components are required, knowledge of
the kinetic pressure terms, (Y2pV2)a, of intermediate components is not required since each term must
occur twice, once as a negative quantity and once as a positive quantity, and will cancel out in the overall
calculation (see the Example in Section 9 and Sketch 4.2).

ESDU Copyright material. For current status contact ESDU.

A B C D
Flow velocity |
Y,
— Component Component Component
1 ‘ 2 ‘ 3

APy ap = APsap + L2pV [(ota - 0tg) + (0t - 1) + (0 - Oip)]
= Apspp + 12pV (0l - O1p)
and Apgap = Apgag + APspc + APscp

Sketch 4.2 System pressure lossesfor several componentsin series
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