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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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

Dr D. Chisholm — National Engineering Laboratory

Mr J. Kubie — Central Electricity Research Laboratories

Mr D.S. Miller — British Hydromechanics Research Association

Mr J. Rea — Scientific Services Department, CEGB, Portishead, Bristol
Mr A. Ruffell — Babcock and Wilcox (Operations) Ltd

Mr J. Ward — Engineering Sciences Division, UKAEA, Harwell

Mr S.P. Watson — Kellogg International Corporation

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

Chairman

Mr T.V. Lawson — Bristol University

Members

Mr K.C. Anthony — Ove Arup and Partners

Dr D.J. Cockrel — Leicester University

Prof. A.G. Davenport” — University of Western Ontario, Canada
Mr D.H. Freeston” — Auckland University, New Zealand

Dr G. Hobson — GEC Turbine Generators Ltd

Mr B. Payne — Kellogg International Corporation

Mr J.R.C. Pedersen — Independent

Mr D.J.W. Richards — Central Electricity Research Laboratories
Mr C. Scruton — Independent

Dr L.R. Wootton — Atkins Research and Development

Mr N.G. Worley — Babcock and Wilcox (Operations) Ltd

Corresponding Member

The work on this Item was carried out in the Fluid Mechanics and Physical Properties Group of the Engineering
Sciences Data Unit under the supervision of Mr N. Thompson. The member of staff who undertook the technical
work involved in the initial assessment of the available information and the construction and subsequent
development of the Item was

Mr C.J.T. Clarke — Senior Engineer.

The Fluid Mechanics Steering Group, which first met in April 1970, has the co-operation of many engineers and
scientist in industry, research establishments and universities from whom much assistance and information is being
received.
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GUIDE TO THE FLOW RELATIONSHIPS AND STATISTICAL METHODSUSED IN
THE DATAITEMSON TWO-PHASE FLOW PRESSURE GRADIENTSIN STRAIGHT
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GUIDE TO THE FLOW RELATIONSHIPS AND STATISTICAL METHODSUSED IN
THE DATAITEMSON TWO-PHASE FLOW PRESSURE GRADIENTSIN STRAIGHT

PIPES

1 NOTATION AND UNITS

The notation is compatible with the notations used in the two-phase flow Dataltemsand it isrecommended

that the Sl system of units should be employed.

. C confidence level
o)
g D pipe inside diameter
g E mean correction factor within selected batch of N data points given by
< E =10°
(S)
§ AE uncertainty factor within selected batch of N data points given by
8 AE = 10°¢
@ e logarithmic error ratio defined by 109, (measured value of velocity
= ratio/cal culated value)
(&)
E e mean value of e within selected batch of N points given by
= N
.© e =
= e =%eN
g 1
% Ae tolerance on e appropriate to specified confidence and probability
= . . 2
= G mass velocity of whole mixture =4(mg+m, )/ (rD")
(@]
2 g acceleration due to gravity (= 9.81 m/s?)
[a)
o Mg mass flow rate of gas or vapour component of mixture
m. mass flow rate of liquid component of mixture
N number of data points within selected batch
P probability

dp/dz  pressure gradient
dp,/dz  component of pressure gradient due to momentum change

dp;/dz  component of pressure gradient due to friction
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dpg /dz  component of pressure gradient due to gravity

S standard deviation within selected batch of N data points defined by
N , T2
S= {Z(é —e) /N}
1
VR ratio of the mean gas (or vapour) velocity to the mean liquid vel ocity
- B 1-a
1-B «
. X mass quality of gas or vapour component defined by

= X =Mg/(Mg+m,)
(%]
wl
3 o void fraction, time-averaged proportion of pipe cross-sectional area
g occupied by gas (or vapour) phase
(@]
o B gas (or vapour) volume flow fraction which can be expressed as
>
2 B=1 / [1 $1=X _P_c_;j
= X P
g Y interfacial tension
>
g € equivalent sand roughness height
L
= 0 angle of pipeinclination relative to horizontal, positive for uphill flow
% Hg dynamic viscosity of gas (or vapour) phase
S
b iy dynamic viscosity of liquid phase
.90 _
% p time-averaged density of mixture
(@]
; PG density of gas (or vapour) phase
&)
7 PL density of liquid phase

d)sz two-phase multiplier defined in Section 4.2.1
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2. INTRODUCTION

Despite the large amount of work done on the subject of two-phase flow (in response to its immense
technol ogical importance), the most sophisticated of today's generalised design methods are unableto give
reliable predictions of its complicated behaviour. The complexity results, in part, from the large number of
variables that can influence two-phase flow and, because it has not been possible to include all of thesein
design methods, uncertainty inevitably exists.

This Guide fulfils two requirements: firstly, in Sections 3 and 4, to provide the non-specialist with
background information on the principles for calculating pressure gradients in two-phase flow and,
secondly, in Section 5, to give guidance on the statistical methods employed in certain Dataltems2. These
alow quantitative assessmentsto be made of the accuracy in predicting pressuregradientsthat are cal cul ated
by some of the best of the published empirical correlations for pressure gradient.
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