ESDU 89012

Issued June 1989
Reprinted at Amendment A
March 2007

Two-phase flow pressure losses In

ESDU Copyright material. For current status contact ESDU.

Endorsed by

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 89012 A 2007

pipeline fittings

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/esdu-89012-a-2007
http://www.avadocuments.com/doc/esdu-89012-a-2007

ESDU 89012

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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 on this particular Data Item was monitored and guided by the following Working Party on behalf of the
Internal Flow Panel:

Mr C.P. Fairhurst — British Hydromechanics Research Association
Dr D.A. McNeill — National Engineering Laboratory

Dr S.D. Morris — Heriot-Watt University

Dr D.H. Rooney — University of Strathclyde.

The Internal Flow Panel, which took over the work on internal flow previously monitored by the Fluid Mechanics
Steering Group, first met in 1979 and had the following membership:
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Chairman

Dr J.A. Eaton — University College, Galway, Eire
Members

Dr T.W. Broyd — W.S. Atkins Engineering Services

Mr D.A. Campbell — Rolls-Royce Ltd, Derby

Mr J. Campbell — Ove Arup and Partners

Dr D.J. Cockrell — University of Leicester

Dr C.J. Clark” — BP International Ltd

Prof. D.H. Freeston" — Auckland University, New Zealand

Dr A. Hunt — Schlumberger Cambridge Research Ltd
Prof. J.L. Livesey — University of Salford

Dr S.D. Morris — Heriot-Watt University

Dr H.C. Yeung — British Hydromechanics Research Association.

Corresponding Member

The technical work involved in the assessment of the available information and the construction and subsequent
development of the Data Item was undertaken by

Mr |.C. Remfry — Engineer.

The person with overall responsibility for the work in this subject area was Mr G.H. Walter, Head of Heat Transfer,
Internal Flow and Physical Data Group.
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TWO-PHASE FLOW PRESSURE LOSSESIN PIPELINE FITTINGS

1 NOTATION AND UNITS

ESDU Copyright material. For current status contact ESDU.

Units
Sl British

A cross-sectional area of flow m? ft
B coefficient, see Equation (7.3) - -
Ce single-phase contraction coefficient, see Figure 1 - -
Cy single-phase pressure-loss coefficient - -

pipeinternal diameter m ft
G mass flux, (m_+mg)/A kg/sm?  Ib/sft?
hy specific enthalpy of saturated liquid kJkg BTU/Ib
hg specific enthalpy of saturated vapour kJkg BTU/Ib
K dlip ratio, gas velocity/liquid vel ocity — -
m mass flow rate kg/s Ib/s
p static pressure N/m? |bf/ft2
Ap change in static pressure N/m? | bf /2
R radius of bend m ft
Re Reynolds number, GD/u - -
t thickness of orifice plate m ft
X mass dryness fraction, mg /(Mg +m, ) - -
) degree of opening of valve: number of handle turns from fully - -

closed/number of handle turns from fully closed to fully open
m dynamic viscosity N §/m? Ibf s/ft?
P density kg/m® Ib/ft3
c arearatio - -
q)fo two-phase multiplier - -
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Subscripts
exp experimental values
G gas flowing alone at same mass flow rate as gas component of two-phase mixture
L liquid flowing alone at same mass flow rate as liquid component of two-phase mixture
LO liquid flowing alone at same mass flow rate as complete two-phase mixture
pred predicted values
TP two-phase
1 conditions upstream of fitting
2 conditions downstream of fitting

ESDU Copyright material. For current status contact ESDU.

Documents

2 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 89012 A 2007


http://www.avadocuments.com/doc/esdu-89012-a-2007
http://www.avadocuments.com/doc/esdu-89012-a-2007

ESDU 89012

2. INTRODUCTION

ThisItem provides information on two-phase pressure |osses for various pipeline fittings. Theinformation
is presented in terms of atwo-phase multiplier which, when applied to the single-phase pressureloss, gives
the two-phase pressure |oss. Sections 3 to 7 give semi-empirical methods for calculating these multipliers
for a number of pipeline fittings. Effects of flow regime’, pipe orientation and other factors influencing
pressure |oss are discussed.

2.1 Scope and Applicability

This Item provides methods for calculating two-phase pressure losses for sudden expansions, sudden
contractions, orifice plates, valves and bends. The methods are based on the following assumptions:

0] the gas phase isincompressible,

(i) phase velocities are well below sonic (critical),
(iii)  thereisno mass transfer between the phases, and
(iv)  thereisno interaction between adjacent fittings.

The datagiven inthisltem are taken from isolated fittings where the flow isfully devel oped both upstream
and downstream of thefitting. Flow disturbances upstream can either increase or decrease the pressureloss
in afitting depending on the fluid properties and flow regime. Measurements taken too close to afitting
can give aconsiderably larger pressure |oss than would be obtained by assuming fully-devel oped flow (see
Sketch 2.1).

22 Flashing
Flashing occurswhen the pressurel ossthrough afittingissufficiently large to cause adegree of vaporisation
of theliquid phase. A simple approximate method of allowing for flashing is given below and isillustrated
in Example 2.
D Obtain hg and h; from physical properties tables at inlet pressure, p; .

2 Calculate the pressure loss, A p, through the fitting using this Item.

ESDU Copyright material. For current status contact ESDU.

(©)] Obtain hg and h; from physical properties tables at pressure, p, = (p;—Ap).

(4 Calculatetheaveragedrynessfraction, (x, +X,)/2, wheretheexit drynessfraction, X, , isgiven by

_ Xy e (1-xp)—hy,

hgz_hfz

Xy (21)

5 Obtain pg and p, from physical properties tables at average pressure, (p; +p,)/2.
(6) Repeat step (2) using the average dryness fraction and densities.

@) Compare the calculated pressure losses based on step (2) and step (6). If alarge difference exists
repeat steps (2) to (6) until the difference is within acceptable limits.

" For astudy of flow regimes and their identification see References 1 and 2.
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2.3 Calculation of Two-phase Pressure L oss

The two-phase pressure lossis the difference between the pipe losses incurred with and without the fitting
present, and is obtained by extrapolating the upstream and downstream static-pressure gradients to the
fitting. The two-phase pressure loss for atypical fitting is shown in Sketch 2.1.

Fitting

Static pressure

Distance

Sketch 2.1 Definition of two-phase pressureloss
The two-phase pressure |loss, Ap;p , isgiven by
2
APrp = 00X AP0 (22)

where q)ﬁo is the two-phase multiplier and Ap 4 is the single-phase pressure loss for the liquid phase
flowing alone at the same mass flow rate as the compl ete two-phase mixture.

ESDU Copyright material. For current status contact ESDU.

The methods of calculating ¢EO presented in this Item accommodate various degrees of dlip ratio, K,
between the phases. The Simpson et al 19 and Morris?! methods lie between the two extremes of assumi ng
either no slip (homogeneous model, K = 1) or maximum slip (K = /p, /p, see Reference 20). The
effectsof dlip ratio onthe value of the multipliers can be seenin Sketch 2.2 for air/water flow at atmospheric
conditions.
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Sketch 2.2 Comparison of various two-phase multiplier models against drynessfraction, x, for
air/water flow at atmospheric conditions
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Sketch 3.1 shows atypica static-pressure recovery along a duct with a sudden enlargement of area.

ApTP _/\

Distance

Sketch 3.1 Typical static-pressuredistribution along a duct with a sudden enlargement of area

3. SUDDEN EXPANSIONS
3.1 Geometry
f
Static pressure
32 Pressure Recovery Calculation Procedure

The two-phase pressure recovery for a sudden enlargement is given by

2
Aprp = 00X AP o> 3.1

where the two-phase multiplier, ¢fo , isgiven by the method of Simpson et al.»? as

2
0Lo = [1+x{(p/px) O~} 111+ x{(p /p5)*0~1}] (32)
and the single-phase pressure recovery, Ap, o, isgiven by

2
G
Ap o =~ f{cz—u(l—c)z} : (33
L

The selection of Equation (3.2) for the two-phase multiplier is based on data from Derivations 4, 5, 6 and
8. Table 3.123howsthe range of the parameters covered in these Derivations and Sketch 3.2 shows predicted
vauesof ¢, 5 from Equation (3.2) against experimental values.

Over the range of data given in Derivations 4, 5, 6 and 8 there are no apparent effects of inlet diameter,
arearatio or mass velocity on the accuracy of Equation (3.2).

Although the mgjority of the data are in the annular flow regime, the method was aso found to apply to
thelimited datain both slug and churn flow. However, inslug and churn flow thereisatendency for Equation
(3.2) to underpredict the value of the two-phase multiplier.
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TABLE 3.1 Range of Parametersfrom Derivations4, 5, 6 and 8
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Derivation Upstream diameter, Arearatio Flow orientation Fluids Inlet pressure,
D4, (mm) O and direction (bar)
4 9.55, 12.9, 17.6 0.14,0.26,0.49 | Vertical (upwards) | Steam/water | 13.8, 27.6, 41.4
5 38.1,50.8 0.44, 0.56 Horizontal Steam/water 82.7
6 17 0.5 Horizontal Steam/water 68.9
8 8.64, 11.7 0.33,0.55,0.61 | Vertica (upwards) | Steam/water | 4.14, 8.27, 16.3
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Sketch 3.2 Predicted against experimental values of ¢fo for sudden expansions
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4, SUDDEN CONTRACTIONS
4.1 Geometry

Sketch 4.1 shows atypical static-pressure distribution along a duct with a sudden contraction of area.

Static pressure SN

Distance

Sketch 4.1 Typical static-pressuredistribution along a duct with a sudden contraction of area
4.2 Pressure L oss Calculation Procedure

The two-phase pressure loss for a sudden contraction is given by

Aprp = 0toX ARG - (4.1)

where the two-phase multiplier, ¢Eo , isgiven by the homogeneous model as

ESDU Copyright material. For current status contact ESDU.

0 o = 1+x[&— ] (4.2)
Pc

and the single-phase pressure loss, Ap 4, isgiven by

2
G, 1 2
ADLO = ﬁ{l—@z"'(s—l) }, (4.3)

c

where C,. isthe single-phase contraction coefficient given in Figure 1.

The selection of Equation (4.2) for the two-phase multiplier is based on data from Derivations 5, 7 and 8.
Table 4.1 shows the range of the parameters covered in these Derivations and Sketch 4.2 shows predicted
vauesof ¢, 5 from Equation (4.2) against experimental values.
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TABLE 4.1 Range of Parametersfrom Derivations5, 7 and 8

Derivation Upstream diameter, Arearatio Flow orientation Fluids Inlet pressure,
Dy, (mm) ' O and direction (bar)
Horizontal
5 50.8, 76.2 0.25,044, Steam/water 82.7
0.56
Vertical 13.8,20.7, 27.6,
8 117,15 055,061 | Yverca Steam/water | 4.14,8.27,16.5
(upwards)
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Sketch 4.2 Predicted against experimental values of ¢ﬁo for sudden contractions
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