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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 Iltem was
monitored and guided by the following Working Party.

Mr I.G. Crow — Central Electricity Generating Board, N.W. Region
Dr J.M. lisley — Kellogg International Corporation
Mr D.S. Miller — British Hydromechanics Research Association

on behalf of the Fluid Mechanics Steering Group which had the following constitution:

Chairman

Mr T.V. Lawson — Bristol University

Members

Mr E.C. Firman — Central Electricity Research Laboratories
Mr B.H. Fisher — Consulting Structural Engineer

Dr G. Hobson — G.E.C. Turbine Generators Ltd

Dr J.M. lIsley — Kellogg International Corporation

Mr J.R.C. Pedersen — British Aircraft Corporation Ltd, Stevenage
Mr C. Scruton — Independent.

The Steering Group has benefited from the participation of members from several engineering disciplines. In
particular, Mr B.H. Fisher has been appointed to represent the interests of structural engineering as the nominee
of the Institution of Structural Engineers, Mr E.C. Firman has been appointed to represent the interests of mechanical
engineering as the nominee of the Institution of Mechanical Engineers, and Dr J.M. lIsley has been appointed to
represent the interests of chemical engineering as the nominee of the Institution of Chemical Engineers.
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PRESSURE LOSSESIN THREE-LEG PIPE JUNCTIONS: DIVIDING FLOWS
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PRESSURE LOSSESIN THREE-LEG PIPE JUNCTIONS: DIVIDING FLOWS

1 NOTATION AND UNITS

|

K/

AK

Py

Re

cross-sectional area of ajunction leg
hydraulic diameter, 4A /perimeter
Fanning friction factor

total-pressure loss coefficient (see Equations (3.1)
and (3.2))

mean K of junction for Re;>2x 10°

total-pressure loss coefficient for sharp-cornered
junction

increment of loss coefficient for non-standard
conditions

duct length from junction (see Sketch 3.1)

static pressure
total pressure (area averaged)

volumetric flow rate of fluid

Reynolds number ( VD/v )

radius of corners (see Sketches 4.1 to 4.3)
mean flow velocity of fluid, Q/A

local flow velocity

displacement of fork (see Sketch 4.3)

factor used in calculation of Reynolds number effect

(see Section 5)

mean effective surface roughness height
leg angle (see Sketches 4.1 to 4.4)

fluid kinematic viscosity

fluid density
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N/m?

N/m?

m/s
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ft ft

ft ft

pdl/ft2  Ibf/ft2

pdi/ft>  Ibf/ft?

ft3/s ft3/s

ft ft

ft/s ft/s

ft/s ft/s

ft ft

ft ft

degree  degree

ft?/s ft?/s

lb/ft3  dug/ft3
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Suffixes

1 refersto leg 1 of the junction (see Sketches 3.1, 4.1
tod4

2 refersto leg 2 of thejunction

3 refersto leg 3 of the junction (note this leg carries the
total flow of the junction)

31 refers to the conditions between leg 3 and leg 1

32 refers to the conditions between leg 3 and leg 2

E refersto effect of outer corner shape

F refersto effect of fork corner shape

Re refersto effect of Reynolds number

y refersto effect of fork displacement (see Sketch 4.3)

2. INTRODUCTION

ThisDataltem presents pressure loss datafor dividing flows through planar threeleg junctions, al running
full. Datafor Y-junctions, angled-junctions and generalised junctions are given in non-dimensional form
and apply to the steady flow of liquids and also to the steady flow of gases at Mach numbers not exceeding
about 0.2, above which the effects of compressibility lead to increasing errors.

The information strictly applies to junctions where the inlet flow is fully developed and where thereisa
long downstream duct length, but in practice can be applied without significant error when there are 15 or
more hydraulic diameters upstream and at least 4 diameters downstream of the junction. The effects of
roughness are included in the losses associated with the upstream and downstream pipe lengths.

ESDU Copyright material. For current status contact ESDU.

The correlations are based mainly on datafor pipes of circular cross section but the data can be applied to
rectangular ducts of height/width ratio between about 1/2 and 2.

Therestrictionson the application and accuracy of the dataare shown on the appropriate Figuresand further
information on the accuracy (and derivation) of the datais given in Section 6 and Table 9.1.
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3. CALCULATION OF PRESSURE LOSS
3.1 Total-pressure L oss

The total-pressure losses across pairs of inlet and outlet legs of ajunction (in the absence of effects dueto
gravity) are calculated from

L, L

Pia= P = Kay+ ¥V + 4fa=? vpVy” + 4f, = 4pV,? (3.1)
3 1
Junction loss Leg 3 pipe loss Leg 1 pipeloss
and
_ oy 2 Ly 2 L, 2
Ptg —Prp = Kgpe¥epVy + 4f3==.Y2pVg + 4T, o= 02pV, (3.2
3 2
Junction loss Leg 3 pipeloss Leg 2 pipeloss

where values of the total-pressure loss coefficients, K31 and K32 , are obtained from Sections 4 and 5 and
Figures lato 5.

Virtual centre
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Sketch 3.1 Showing variation of total pressurein the vicinity of ajunction
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The last two terms on the right-hand side of Equations (3.1) and (3.2) are the straight pipe friction losses
overlengths L; and L, L4 and L, respectively. Valuesof f,, f, and f5 arefound at appropriate values
of ¢ /D and Re =V,D,/v, V,D,/v and V3D,/v respectively from ESDU 66027.

3.2 Satic-pressure L oss

The static-pressure loss across a pair of inlet and outlet legs can be estimated from

- 2
P —Ps1 = Pra =Py — (V5 —Vy) (33
for legs 1 and 3, and

— 2 2
Pss = Psp = Prg = Pz = %0( V5" - V') (34)

for legs 2 and 3.

Note that strictly

_ 1A
P, = ps+1/zp'&_|.ov dA

where v is the local fluid velocity associated with flow area dA. In the case of fully-developed turbulent
flow, the error involved is approximately 3 per cent of ¥pV2 and has been ignored.

ESDU Copyright material. For current status contact ESDU.
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4, DIVIDING FLOW DATA FOR Rez = 2 x 10°

The pressure loss coefficient between theinlet leg (leg 3) and an outlet leg for a dividing flow junction is,
in general, dependent on the flow rate ratio, Q/Qg, between each leg, the arearatio, A/A,, theleg angle,
0, theReynoldsnumber, (V5D3)/v ,andthecorner radii r3, and r ,, betweeneachleg. For many practical
cases the effect of Recan beignored but for Re;<2x 105 thisis not always so and reference should be
made to Section 5 and Figure 5 for the appropriate correction.

It has been found that for dividing flows in general, large geometry changes to one outlet leg have only a
small effect on the loss coefficient of the other. This lack of mutual interaction means that it is a good
approximation to consider that the loss coefficient between the inlet leg (leg 3) and an outlet leg is
independent of the geometry of the other outlet leg.

4.1 Dividing Y-junctions

Leg3

Sketch 4.1

Dataare presented for symmetrical Y-junctionsasfunctionsof flow ratiowith A; = A, . Thetotal-pressure
loss coefficient between leg 3 and leg 1 is given but the corresponding loss between leg 3 and leg 2 can be
obtained by reversing the labels on legs 1 and 2 and repeating the calculations.

Datafor dividing Y-junctions with (nominally) sharp corners (r,; =1, =0) are presented in Figures 1a
to lefor Re;>2x10°,

The effect of rounding the outer corners of a dividing Y-junction is to reduce the loss coefficients from
those given in Figure lato le for sharp edges K '5; . For rounded outer corners, i.e. where r5, > 0, the
total-pressure loss coefficient is given by

ESDU Copyright material. For current status contact ESDU.

Kyp = Kiy +AKg (4.1)

where, for rs1/D;<0.25,

Q,/Q3) . 7° .
AKE = —O.g[tmj S|n9:| (I’31/ Dl) /o . (4.2)
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Thefork radius, r,, , can also have asignificant effect on theloss coefficient. Whilst insufficient data exist
to quantify this, the effect of radiusing the fork, provided Q;/Q3>0.5 , will be to reduce K, fromiits
valuefor asharp fork particularly if 6 issmall, A;/A; issmall and Q,/Q islarge. When Q;/Q5;<0.5 ,
the effect will probably be reversed but to a smaller extent.

4.2 Dividing Angled-junctions
Q — — Q,
/ 12 /
a1 6
= A
[a)
(%]
wl
s Sketch 4.2
s
§ Data are presented for sharp- and round-cornered angled-junctions with A; = A, .
% The total-pressure loss coefficient for Re;>2x 10°, K '31» between leg 3and leg Lisgivenin Figures2a
E to 2dfor sharp corners (r5; = r,, =0) asafunctionof A;/A5,Q;/Q5 and 6. Withrounded outer corners,
o i.e. r4; > 0, theloss coefficient is smaller and is given by
5
o Ky = Kig + AKg (4.3)
S
®
> where, for r31/D1SO.25 ,
©
: Q,/Q 2
c 17 Q3) . L
. AKg = —0.9[(A /Aane} (ry/ D" (4.4)
> 1 3
Q.
S
D When a fork radius, r,, isincorporated, a further reduction in the pressure loss coefficient is obtained.
g The few data available suggest that, for 6 = 90° and (Q,/Q3)/(A/A3)24.0 ,
Kgp = K'gp + AKE + AKL (4.5)
where, K’5, is given in Figures 2ato 2d, and AK is given in Equation (4.4). For r;,/D;<0.15 and
rs;/D,<0.15,
Q,/Q31% [T15]"
AKp = —o.zs[ L 3} . [—1—2} . (4.6)
A /Al "Dy
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