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ESDU 81039
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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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
monitored and guided by the Internal Flow Panel which had the following constitution:

The work on this Item was carried out in the Internal Flow and Physical Properties Group of the Engineering Sciences
Data Unit under the supervision of Mr R. Partington, Group Head. The member of staff who undertook the technical
work involved in the initial assessment of the available information and the subsequent development of the Item was

The person with overall responsibility for the work in this subject area is Dr F. Iudicello, Head of Fluid Mechanics,
Internal Flow Group.

Chairman
Mr N.G. Worley — Babcock Power Ltd

Members
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Dr D.J. Cockrell — Leicester University
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* Corresponding Member

— Auckland University, New Zealand
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Prof. J.L. Livesey — Salford University
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ESDU 81039
FLOW OF LIQUIDS
PRESSURE LOSSES ACROSS ORIFICE PLATES, PERFORATED PLATES AND 
THICK ORIFICE PLATES IN DUCTS
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ESDU 81039
FLOW OF LIQUIDS

Pressure losses across orifice plates, perforated plates and thick orifice plates in ducts

1. NOTATION AND UNITS

SI Unit

cross-sectional area m2

total area of openings in plate m2

cross-sectional area of duct in which plate is placed m2

speed of sound in fluid m/s

diameter of circular duct or equivalent diameter of non-circular duct 
(  / perimeter)

m

diameter or equivalent diameter of orifice (diameter of inner surface of 
orifice) or of one hole in perforated plates

m

pressure-loss coefficient for incompressible flow, based on upstream kinetic 
pressure, 

–

pressure-loss coefficient for incompressible flow, based on kinetic pressure 
at entry to orifice, 

–

value of  corresponding to –

value of  corresponding to –

value of  corresponding to –

value of  corresponding to  –

rate of mass flow through duct kg/s

static pressure N/m2

static-pressure drop due to plate (see Sketch 4.1) N/m2

total pressure N/m2

total-pressure loss due to plate N/m2

gas constant J/kg K

Reynolds number based on hole diameter and mean velocity at entry to 
holes, 

–

thickness of plate (see Sketch 2.1) m

A

Af

Au

a

D
4Au

d

Ki
½ρ1V 1

2

Ki′
½ρ2V2

2 Ki′ α2Ki=( )

K0 Ki t/d 0=

K0′ Ki′ t/d 0 K0′ α2K0=( )=

K0.8 Ki t/d 0.8=

K0.8′ Ki′ t/d 0.8=  K0.8′ α2K0.8=( )

m

p

ps∆

pt

pt∆

R

Red
V1d/αν1

t
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ESDU 81039

Subscripts

Superscripts

mean velocity, m/s

porosity or area ratio, –

ratio of specific heat capacity at constant pressure to that at constant volume –

correction factor for effect of plate thickness for 
 

–

correction factor for effect of plate thickness for –

dynamic viscosity of fluid N s/m2

kinematic viscosity of fluid, m2/s

density of fluid kg/m3

refers to correction factor for effect of plate thickness for 

refers to correction factor for effect of plate thickness for 

refers to Reynolds number based on hole diameter

refers to incompressible flow conditions

refers to pressures measured in regions of fully-developed flow

refers to static-pressure

refers to total-pressure

refers to duct area

refers to incompressible flow loss coefficient when 

refers to incompressible flow loss coefficient when 

refers to conditions at station upstream of orifice in region of 
fully-developed flow See 

Sketch 
4.1refers to conditions at entry to orifice

refers to conditions at station downstream of recovery plane

refers to pressure-loss coefficient based on kinetic pressure, , at entry to 
orifice

V m/ρA

α Af /Au

γ

λa
t/d 0.8 < λa Ki/K0 Ki′ /K0′= =( )

λb
t/d 0.8 ≥ λb Ki/K0.8 Ki′ /K0.8′= =( )

µ

ν µ/ρ

ρ

a t/d 0.8<

b t/d 0.8≥

d

i

m

s

t

u

0 t/d 0=
0.8 t/d 0.8=
1

2

3

′ ½ρ2V 2
2
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ESDU 81039
2. INTRODUCTION

This Data Item provides total- and static-pressure loss coefficients for the calculation of the pressure drop
in liquids flowing through sharp-edged orifice plates, perforated plates and thick orifice plates installed in
ducts of constant area.

The method for calculating incompressible flow pressure-loss coefficients is outlined in Section 4.2.

The method for calculating pressure losses for compressible flow, appropriate for the flow of gases*, is
given in ESDU 82009.

The data in this Item are applicable under the following conditions:

(i) flow of liquids;

(ii) fully-developed flow in regions upstream and downstream of the orifice;

(iii) Reynolds numbers, , greater than about 104 (see Section 3.2);

(iv) components having sharp edges free from any chamfering or rounding since such edge profiles can
considerably reduce the values of the pressure-loss coefficients. The presence of burrs would also
affect the pressure loss;

Sketch 2.1   Typical components

* For the flow of gases, it is necessary to use compressible flow values even at low upstream Mach numbers since, although the upstream
Mach number in the duct may be low, the Mach number in the smaller orifice area will be higher and the flow may be approaching
conditions where compressibility effects are significant.

Red
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t

t
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D t
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ESDU 81039
(v) thin and thick orifices. Separate correlations are provided for  and , corresponding

to separated flow and reattached flow respectively under incompressible flow conditions. For
incompressible flow conditions, the flow may be either separated or reattached for 
and it is uncertain as to which correlation will be appropriate*. The use of orifices in this thickness
range should be avoided in design as flow fluctuation, vibration and noise may occur;

(vi) symmetrical systems with single and multiple circular openings in circular ducts. Sketch 2.1
illustrates examples of typical components (see Section 2.1 for notes on non-circular ducts and
openings).

2.1 Non-circular Ducts and Openings

Some data for perforated plates with square holes are given in Derivation 10 and some data for perforated
plates in rectangular-sectioned ducts were included in the correlation in Derivation 12. No systematic
departures from the correlations presented here were found in these cases, but the available data only cover
values of  up to about 0.6. For high values,  say, the effects of the system geometry are likely to
become more significant and application of the data to components not shown in Sketch 2.1 will be less
reliable, and should be made with caution.

* For values of  in the range of , the loss coefficient, , may be obtained from either the separated or reattached flow
correlations. For separated flow, the curve given in Figure 3 can be extrapolated to  and for reattached flow, Equation (5.1) can
be used to find  when .

t/d 0.8< t/d 0.8≥

0.6 t/d 1.0<<

t/d 0.6 t/d 1.0<< Ki
t/d 1.0=

Ki 0.6 t/d 0.8<<

α α 0.8>
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