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FOREWORD

This Code of Practice is based upon an investigation carried out by a consortium comprising
the Department of Trade and Industry, the National Engineering Laboratory and
representatives of pump manufacturers, pump users and manufacturers of pump performance
monitoring equipment. The participating organisations are listed in Appendix C.

The document is being published in the present form by The Pump Centre in order to gain
experience in its use, and comment on its contents, before it becomes the basis for a British
Standard. The consortium recognises as a defficiency the lack of a prescribed method of
dealing with the recovery factor in Section 7.2.2. Further experimental work is required
before this can be provided.

0 INTRODUCTION

This document deals with the measurement of pump efficiency by the direct thermodynamic
method, as an alternative to efficiency testing by the conventional method described in BS
5316 : Part 1 (Class C) and BS 5316 : Part 2 (Class B). BS 5316 : Part 3 covers the
application of the thermodynamic method to Precision Class testing.

The method is based on the evaluation of the energy per unit mass of liquid, received by the
liquid from the pump shaft, by measurements of the differential head and differential
temperature across the pump, using the thermodynamic properties of the liquid.

With the direct thermodynamic method of measuring efficiency, neither the flow rate nor
power absorbed by the pump need be measured, but where knowiedge of the flow rate at
which the pump is operating is required for comparison with the performance specified in the
contract, this may be measured with a flow metering instrument, in accordance with the
reievant standards.

Alternatively, when the power absorbed by the pump can be determined, in accordance with
the relevant standard, the rate of flow may be determined from the shaft power absorbed, the
differential head and the efficiency measured by the direct thermodynamic method.

The standard test arrangements and procedures described are those for use when testing
pumps either at the manufacturer’s works, or on site.

The accuracy with which the efficiency of 2 pump can be measured by this method is affected
by the limitations of the measuring equipment, by measuring conditions at the inlet and outlet
sections of the pump and by the uncertainty with which the physical properties of the fluid are
known. The level of accuracy with the standard test arrangements is defined by relating the
accuracy of the equipment for measuring temperature and pressure differentials across the
pump to the resulting uncertainty in computed efficiency.

The method may also be used to monitor long term trends in efficiency performance. In this
case it is advisable to carry out a reference test as soon as possible after installation

(a “footprint’ test), and to document the test arrangements used to ensure consistency of
procedure.
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1 SCOPE

This document constitutes a code for the efficiency testing of pumps by use of the direct
thermodynamic method.

Tt defines the terms, the quantities to be measured, and the procedure for the computation of
pump efficiency. These methods, by which the pump performance can be established, may be
used for comparison with that agreed in a contract.

In general this code applies to any type or size of pumps tested with clean cold water. Other
liquids may be used provided that the relevant physical properties are known. Itis assumed

that the fluid mass flow rates at the iniet and outlet measuring positions of the pump are equal.

This code is not concerned with the structural details of the pump nor with the mechanical
properties of its components.
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2 SYMBOLS

2.1 Alphabetic List of Symbols Used in the Document

A Area

a Isothermal coefficient

a Mean value of a

Cp Specific heat capacity at constant pressure
Co Mean value of ¢,

d Shaft diameter

E Energy per unit mass of fluid

E, Hydraulic energy per unit mass of fluid
Ee Mechanical energy per unit mass of fluid
E, External loss in mechanical energy per unit mass of fluid
g Acceleration due to gravity

h Enthalpy

k Power coefficient

H Pump total head

H, Total head at inlet

H; Total head at outlet

N Rotational speed

p Pressure

P Power

P’ Heat-transfer coefficient

Qe Mass flow rate

q Volume flow rate

s Entropy

U Mean velocity

Vo Volume per unit mass

Vs Mean value of Vi,

z Elevation

AE, Correction term for heat-transfer effects
A Differential temperature

n Efficiency

8 Temperature
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8. Ambient air temperature g &
p Density kg/m’
2.2 Letters and Numbers as Subscripts
| Inlet
2 Qutlet
G Guarantee
gr Gross
T Test
X External loss
2.3 Definitions of Terms
Term Definition

Isothermal coefficient, h
function of temperature a(6,p) = E

and pressure 8

Mean i;othermal = P+ P,
coefficient a=2 9, o

Specific heat capacity at Sh
constant pressure, function v (9= p) = Eé‘
of temperature and

pressure
- 0, +6,
Mean value of ¢; Cp =Gy Tspz
: ] _ U2 2
Hydraulic energy perunit  E, = Vu(p, —p,) +— Lto(z, —z,)
mass of fluid
Mechanical energy per unit - - 5 O (3
mass of fluid E,=a(p, —p)+cp(0, —0,)+— ~+g(z, —z,)+AE,,

Pump total head H=H, - H,
. H = _p_! A .I:.Ii
Total head at inlet 1 0.2 1 29
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Term

Total head at outlet

Mean velocity at a pipe
section

Volume per unit mass of
fluid, function of

temperature and pressure |

Mean value of V,,

Pump efficiency

Static pressure

Pump Centre Report 695/27
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Definition
U2
H, = P2 +z, e
P.8 2g
U=
A

vm = Vm(e], pl -;_p',.’.]

Eh
=
E.%E,

Force per unit area. Except where otherwise specified pressures
are gauge - that is measured with respect to atmospheric

pressure.
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3 PRINCIPLES OF THE METHOD

This document relates in particular to the Direct Thermodynamic Method of Efficiency
Testing - so called because the static pressure readings are taken using wall tappings, and the
fluid temperature readings are measured directly at representative positions in the stream of
flowing fluid - Fig. 3.1.

Qutlet measurement position -
temperature, pressure, {vefocity)

ke

Inlet measurement position -
temperature, pressure, (veiocity)

Z datum

Figure 3.1 Measurement Positions

The hydraulic efficiency is the ratio of two changes in energy per unit mass, each comprising
enthalpy, kinetic energy and gravitational terms:

E, the total enthalpy change in an ideal, reversible, isentropic process between the
inlet conditions and the outlet pressure
and
E. the total enthalpy change in the actual pumping process.

The former is given by:

2 2

— u:. -uU
Eh :Vm(pz _pl)+_:2—1+g(zz '_Zl)

which is the normal expression for gH where H is the pump total head rise.

The change of total enthalpy in the actual pumping process is:

2 4

E, =a(p, -p,)+¢s(6, =8,)+ ———t+g(z, - ) + AE,

-which, by the First Law of Thermodynamics, is the energy per unit mass fluid transferred to
the pump shaft (excluding the external losses, E,, which do not affect the fluid).

Ignoring the gravitational and kinetic terms, the two processes can be traced on an entropy /
enthalpy diagram - Fig. 3.2 - bearing in mind the thermodynamic relations for a pure
substance:
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Figure 3.2 Entropy/Enthalpy Diagram of the Processes

The actual process may be regarded as an isothermal process between (81,p1) and (61,p2)
followed by a constant pressure process between (81,p2) and (6z,p2) - since the state of the
fluid is dependent on the end states of the process and not the path between them.

AE,, is the loss of specific energy from the pump casing due to heat transfer - see Section 10.2.
Since the thermodynamic method takes no account of external power losses, E,, which are
not manifest as an increase in water temperature (such as external bearing losses) these must
be estimated - see Section 10.1 - and included in the expression for n, the pump efficiency:

E,

"SE.+E,

The error involved in using the mean values of V., a and ¢, instead of integrating the values
along the paths of the processes, is negligible for pressures between 0 and 300 bar and
temperatures between 0 and 150 °C. Values of the relevant thermodynamic properties are

given in Appendix B.
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If the velocity profiles at the measuring positions are far from uniform the use of the mean
velocities U, and U; may be a source of error.
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4 GUARANTEES
4.1 Subjects of Guarantees

The pump efficiency may be guaranteed by the manufacturer:
a) At the guaranteed (qg,Hg) point;

b) Where the flow rate can be measured or assessed to an acceptable degree of
accuracy, other points of the flow efficiency curve may be guaranteed at a reduced
or increased flow rate, in which case separately agreed tolerances will apply.

Although the guarantees apply to one or more particular flow point(s), the manufacturer’s
predicted flow efficiency curve should be made available (at the time of agreeing guarantees)
for the later analysis of test results.

4.2 Other Conditions of Guarantee

Unless specifically agreed otherwise in the contract, it shall be taken that the following
conditions apply to the guarantee values:

a) Unless the chemical and physical properties of the liquid are stated, it shall be taken
that the guarantee points apply to clean cold water;

b) The relation between the guarantee values under clean cold water conditions and
the likely performance under other liquid conditions shall be agreed in the contract;

¢) Guarantees shall apply only to the pump as tested by the methods, and in the test
arrangements specified, in this document;

d) The pump purchaser shall be responsible for the specification of the guarantee
point.

4.3 Fulfilment of Guarantee

The nominated guarantee for any quantity shall be deemed to have been met if, when tested
according to this standard, the measured performance falls within the tolerance specified in
Section 5.4 for the particular quantity. Other points on the flow efficiency curve shall not be
guaranteed unless the points and tolerances for fulfilment of guarantees are agreed in the
contract.

4.4 Verification of Guarantee

4.4.1 Multiple point tests

Where measurements have been taken at a number of flows to an agreed level of accuracy,
these points of flow and efficiency are plotted on a graph and a continuous curve drawn
through them. The guarantee point (qs,Hs) is then plotted on the same graph. A comparison

is then made between the guaranteed efficiency and the efficiency shown on the curve of the
measured points at the guaranteed flow.
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4.4.2 Single point tests

Where it is only possible to measure the efficiency at a single flow, this should be as close as
possible to the guarantee flow. This point is then plotted onto a graph. The guarantee point
is then plotted onto the same graph and a curve with the same slope as that of the
manufacturers predicted (q,H) curve is then drawn through the guarantee point. A
comparison is then made between the efficiency on this curve at the test flow and the
measured efficiency.

4.4.3 Correction for speed

The pump shall be tested at a speed in the range of the specified speed +20 per cent. If the
test is made at a value of pump rotational speed which is different from that specified for the
particular guaranteed values, the test values shall be corrected to the specified speed of
rotation in accordance with Section 10.3. Similarly, if the test is made at a value of electrical
supply frequency different from that specified for the particular guaranteed values, the tests
shall be corrected to the specified frequency.
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5 GENERAL REQUIREMENTS FOR TESTS
5.1 Organisation of Tests
§.1.1 Place of testing

Efficiency tests shall be carried out at the manufacturer’s works or, alternatively, at a place
agreed between the manufacturer and the purchaser.

Both purchaser and manufacturer shall be entitled to have representatives present at all tests
and calibrations in order to verify that they are performed in accordance with this document
and any prior written agreements.

5.1.2 Time of testing
The time of testing shall be agreed by the manufacturer and the purchaser.
5.1.3 Staff

Accurate measurements depend not only on the quality of the measuring instruments used but
also on the ability and skill of the persons operating and reading the measuring devices during
the tests. The staff entrusted with effecting the measurements shall be selected just as
carefully as the instruments to be used in the test.

A chief of tests possessing adequate experience in measuring operations shall be appointed.
Normally, when the test is carried out at the manufacturer’s works, the chief of tests is a staff
member of the manufacturing firm.

When the test is carried out elsewhere under Section 5.1.1 the chief of tests shall be a person
possessing adequate experience, subject to agreement between manufacturer and purchaser.

All persons charged with effecting the measurements are subordinated during the tests to the
chief of tests, who conducts and supervises the measurements, reports on test conditions and
the results of the tests and then drafts the test report. All questions arising in connection with
the measurements and their execution are subject to his decision.

The parties concerned shall provide all assistance that the chief of tests considers necessary.
5.1.4 State of pump

When guaranteed efficiency testing is to be carried out at a place other than the
manufacturer’s works, both parties shall have the opportunity to make preliminary adjustments
to the pump and its system.

5.1.5 Test programme

Only the specified operational data shall form the basis of the test; other data determined by

measurement during the tests shall have only an informative function, and this shall be stated if
they are included in the test programme.
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5.1.6 Test equipment

When deciding on the measuring procedure, the measuring and recording apparatus required
shall be specified at the same time.

The chief of tests shall be responsible for checking the correct installation of the apparatus and
its proper functioning. All measuring apparatus shall be covered by reports showing by
calibration or by comparison with British or International Standards, that it complies with the
requirements of Section 5.4. These reports shall be presented if required.

The measuring devices used shall have valid calibration. Periodic calibration shall be
performed to traceablie standards.

Generally after site testing or in case of dispute, new calibrations shall be performed as soon as
possible.

5.1.7 Testreport

After actual scrutiny the test results shall be summarised in a report signed either by the chief
of tests alone, or by him and representatives of the manufacturer and of the purchaser.

All parties to the contract shall receive a copy of the report as an essential condition for the
completion of the contract. '

The test report shall contain the following information:
a) Place and date of the performance test;

b) Manufacturer’s name, type of pump, serial number, impeller diameter and year of
construction;

¢) Specified characteristics, operational conditions during the performance test;
d) Specification of the pump drive;

) Description of the test procedure and the measuring apparatus used including
calibration data;

f) Observed readings,
¢) Evaluation and analysis of test results with calculations of measuring uncertainties;
h) Conclusion, including comparison of the test results with the specified duties.

All test records and record charts shall be initialled by the chief of tests and by the

representatives of both the purchaser and the manufacturer, each of whom shall be provided
with a copy of all records and charts.

The evaluation of the test results shall be made as far as possible while the tests are in progress
and in any case before the installation and instrumentation are dismantled, in order that
measurements regarded as suspect can be repeated without delay.
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5.2 Test Arrangements
5.2.1 Ideal arrangements

The outlet measuring section should ideally be of the same diameter as the inlet measuring
section since this avoids the need to consider recovery factor - Section 7.2.2. Both outlet and
inlet measuring sections should provide straight pipe giving a minimum of 2 diameters
upstream and 2 diameters downstream of the measuring position. The flow through the nlet
measuring section should be such that there is:

a) An axially symmetric velocity distribution;
b) A uniform static pressure distribution;
¢) Freedom from swirl induced by the installation;

d) Ample Net Positive Suction Head (NPSH) to avoid cavitation in the region of the
inlet side instruments.

§.2.2 Site tests

For the purposes of this document a site test comprises a thermodynamic test carried out on
the pump after it has been installed in the system for which it was purchased.

A site test may be required by the purchaser immediately after commissioning to check that the
pump is performing near its best efficiency point, or to establish that the specified design
parameters are correct. The requirement for the test may also be to record the initial
performance (a ‘footprint test’), so that tests can be carried out subsequently to monitor trends
in performance.

5.2.2.1 Site test arrangements

Where possible the ideal arrangements of Section 5.2.1 should be used; the pipework design
should incorporate tappings in accordance with Section 6.1, fitted into straight inlet and outlet
measuring sections 4 diameters long, and of equal diameter.

Where this is not possible the tappings, in accordance with Section 6.1, should be incorporated
into the pipework in straight lengths of pipe, preferably but not necessarily of equal diameter.
Where these lengths of pipe are more than 6 diameters from the pump some correction for the
effect of losses in the pipework may be needed. It is acceptable for footprint testing to allow
longer pipe runs, valves and fittings between the measurement positions but the valves shall be
retained in the fully open position. In such a test the pipework and fitting configuration shall
be documented for future reference. Any flow vanation shall be brought about by throttling
downstream of the measuring position at the outlet from the pump, or by varying the outlet
head by some other means.

Experimental work indicates that tapping points closer than 2 diameters to the pump are likely
to give less accurate and possibly less consistent results.
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5.2.3 Installation effects

The presence of bends, diffusers and other fittings may affect the pump head/flow rate and
efficiency performance, calculated from conventional test results. When the thermodynamic
method of efficiency testing is used, any effect of fittings on the head measurement will have
some effect on the efficiency calculated.

It is less likely that the temperature differential will be affected since the temperature profile
across the pipe is usually more uniform than the velocity and pressure profiles.

Any problems with temperature measurement are much more likely to be the result of probe
vibration due to high fluid velocities or turbulence. Such problems can best be avoided by
ensuring that stable operation of the thermometers is proven by calibration at velocities at least
as high as those experienced on test - as recommended in Section 7.2.1.

5.2.3.1 Cavitation

It is essential that cavitation is avoided in the vicinity of the measuring probes. To ensure this
the available NPSH shall be in excess of 0.5 m above the pump’s required NPSH. If the
available NPSH is less, the temperature reading of the upstream thermometer may be affected
and meaningful test results not obtained.

53 Test Conditions
531 Execution of tests

The duration of the test shall be sufficient to obtain consistent results having regard to the
uncertainty to be achieved. Where multiple readings are taken to reduce the random
uncertainty (see Section 5.3.2), they shall be taken at unequal intervals of time. All
measurements shall be made under steady conditions of operation but a decision to make
measurements when such conditions cannot be obtained shall be at the discretion of the chief
of tests. Verification of the guaranteed point requires that flow rate be measured, estimated or
assessed and test data shall be recorded at at least five points of measurements closely and
evenly grouped around the guaranteed point, for example between 0.9qg and 1.1qc.

Where it is required to determine performance over a range of operating conditions, a
sufficient number of measurement points shall be taken to establish the performance within the
uncertainty stated in Section 5.4.

5.3.2 Stability of operation
5.3.2.1 Fluctuations and variations - definitions

For the purpose of this document the following definitions apply:

Fluctuations: Short period changes in the measured value of a physical quantity about
its mean value during the time that a single reading is being made;

Varations: Those changes in mean value which take place between one reading and
the next.
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5.3.2.2 Damping

Where the construction or operation of 2 pump is such that fluctuations of great amplitude are
present, measurements may be carried out by means of an instrument capable of providing an
integration over at least one complete cycle of fluctuations. The calibration of such an
instrument shall comply with the provisions of Tables 5.2 and 5.4.

If an automatic data acquisition system is used then the sampling time for each reading should
extend over at least one complete cycle of fluctuations. In order to obtain a reliable mean
value, it is recommended that the maximum permissible fluctuation in the signal shall be less
than that specified in Table 5.1 for 3 readings.

Averaging may be introduced in measuring systems where necessary to reduce the amplitude
of fluctuations to within acceptable values. For head measurement, this limit is +3 per cent;
the limits for flow, torque and power measurements are to be taken from the appropriate
standards. (Fluctuations of speed measurements will have no significant influence on the
efficiency results but may have an effect on the estimation of the guarantee point.) Where it is
possible that damping will significantly affect the accuracy of the readings, the tests shall be
repeated using a symmetrical and linear damping device, for example a capillary tube.

5.3.2.3 Number of sets of observations
5.3.2.3.1 Steady conditions

In steady and well controlled test conditions, only one set of readings of individual quantities
shall be recorded for the specified test condition. This set shall be recorded only after the
observers have been satisfied that the fluctuations have settled down within the limits specified
in Sections 5.3.2.2 and 53.2.3.2.

5.3.2.3.2 Unsteady Conditions

In cases where the unsteadiness of test conditions gives rise to doubts concerning the accuracy
of the tests, the following procedure shall be followed. Repeated readings of the
measurements shall be made at the guarantee point, only speed and fluid bulk temperature
being allowed to be controlled. Throttle valve, water level, gland adjustment, balance water
settings etc. shall be left completely unaliered, The difference between these repeated readings
of the same quantities will be a measure of the unsteadiness of the test conditions, which are at
least partly influenced by the pump under test as well as the installation,

A minimum of three sets of readings shall be taken at the guaranteed point and the value of
each separate reading and of the efficiency derived from each set of readings shall be recorded.
The percentage difference between the largest and smallest values of each quantity shall not be
greater than that given in Table 5.1. It will be noted that a wider tolerance is permitted if the
number of readings is increased up to the maximum requirement of nine readings.

These tolerances are designed to ensure that the random uncertainty determined from the
random scatter, taken together with the systematic uncertainties given in Tables 5.2 and 5.4,
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will result in overall measurement uncertainties not greater than those given in Table 5.3 and
5:5.

Table 5.1 Maximum Permissible Range of Readings

Maximum permissible difference between largest
and smallest readings of each quantity

Number of | Differentral temperature Head Fluid bulk
sets of temperature
readings
mK per cent
K

BS 5316 BS 5316 BS 5316 BS 5316
Part 1 Part 2 Part 1 Part 2
(Class C) | (Class B) {Class C) {Class B)

3 H/20 H/50 1.8 0.8 0.1
5 H/10 H/25 3.5 1.6 0.1
7 H/7.5 H/19 4.5 2.2 0.1
9 H/6.3 H/15 5.8 2.8 0.1

(H is pump total head in metres)

The arithmetic mean of all the readings for each quantity shall be taken as the actual value for
the purposes of the test. If the values given in Table 5.1 cannot be reached, the cause shall be
ascertained, the conditions rectified and a new complete set of readings made, all the readings
in the original set shall be rejected. No reading in the set of observations may be rejected
because it lies outside the limits.

In the case where the excessive variation is not due to procedure or instrumentation errors and
cannot therefore be eliminated, the uncertainties may be calculated by statistical analysis.

54 Uncertainty of Measurement

For the purpose of this document, the uncertainty on the measurement of a variable is defined
as twice the standard deviation of this variable. The uncertainty shall be calculated and
indicated as such for any measurement in accordance with this document. When component
uncertainties, the combination of which gives the uncertainty, are independent one from the
other, are small and numerous and have a Gaussian distribution, there is 95 per cent
probability that the true value will lie within the range of the measured value + the uncertainty.

This test code specifies the standard methods of measurement and instruments, to be used for
the determination of inlet and outlet total head, or pump total head, and differential
temperature. Any device or method which by calibration or comparison with ISO standards
has been demonstrated to be capable of measuring with systematic uncertainties not exceeding
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those given in Table 5.2 or 5.4 may be used. The devices or methods shall be agreed upon by
the parties concerned.

Where tests are required to meet the limits associated with BS 5316 : Part 1 : 1976 (Class C)
the values shown in Tables 5.2 and 5.3 shall apply.

Table 5.2 BS 5316 : Part 1 (Class C)
Permissible Systematic Uncertainties of Measuring Instruments

Measured guantity Permissible limit
Pump total head +2.5 per cent
Fluid temperature +0.1 °C
Speed of rotation =1.4 per cent
Differential temperature + H/10 mK (H in metres)

If the recommendations concerning the systematic errors of instruments as given in Table 5.2
and those concerning the actual test procedure are followed, it shall be assumed that the
overall limits of error will not exceed those given in Table 5.3 for pump total heads greater
than 20 m.

Table 5.3 BS 5316 : Part 1 (Class C)
Resulting Overall Uncertainties

Measured quantity Error limit
Pump total head £3.5 per cent
Speed of rotation +2.0 per cent
Pump efficiency +5.0 per cent
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Where tests are required to meet the limits associated with BS 5316 : Part 2 : 1977 (Class B)
then the values shown in Tables 5.4 and 5.5 shall apply.

Table 5.4 BS 5316 : Part 2 (Class B)
Permissible Systematic Uncertainties of Measuring Instruments

Measured quantity Permissible limit
Pump total head | +1.0 per cent
Fluid temperature +0.1 °C
Speed of rotation +0.35 per cent
Differential temperature + H/25 mK (H in metres)

If the recommendations concerning the systematic errors of instruments as given in Table 5.4
and those concerning the actual test procedure are followed, it shall be assumed that the
overall limits of error will not exceed those given in Table 5.5 for pump total heads greater
than 35 m.

Table 5.5 BS 5316 : Part 2 (Class B)
Resulting Overall Uncertainties

Measured quantity Error limit
Pump total head =1.5 per cent
Speed of rotation +0.5 per cent
Pump efficiency +2 8 per cent
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6 MEASUREMENT OF HEAD

6.1 Pressure Tappings

Static pressure tappings shall comply with the requirements shown in Fig. 6.1 and shall be free
from burrs and irregularities and flush with, and normal to, the inner wall of the pipe. The

diameter of the pressure tappings shall be between 2 and 6 mm or equal to 1/10 of the pipe
diameter, whichever is the less. The length of a pressure tapping hole shall not be less than

two and a half times its diameter.
_// _

/e 2

||'
—-1 d adile o8

Thick wall Thin wall

t not less than 2.5 d, where d is 2 to 6 mm or
1/10 pipe diameter - whichever is smalier

!
|
|
i

Figure 6.1 Requirements for Static Pressure Tappings

The bore of the pipe containing the tappings shall be clean, smooth and resistant to chemical
reaction with the liquid being pumped. Any coating such as paint applied to the bore shall be
intact. If the pipe is welded longitudinally, the tapping hole shall be displaced as far as
possible from the weld.

Pipes connecting pressure tappings to possible damping devices and to instruments shall be at
least equal in bore to the bore of the pressure tappings. The system shall be free from leaks.
It is recommended that transparent tubing be used so as to allow determination of the amount
of fluid or air in the tubing. ISO 2186 gives indications as to the connecting tubes.

These tappings shall be located at a distance of 2 pipe diameters upstream of the pump inlet
flange when the length of this pipe allows it and at a distance of 2 pipe diameters downstream
of the pump outlet flange. When the distance of 2 pipe diameters upstream cannot be reached
(for example in the case of a rather short inlet bellmouth) the available straight length shall be
divided so as to take the best possible advantage of the local conditions between the upstream
and downstream

€6.1.1 Combined pressure and temperature tappings
Where a single tapping point is used for the measurement of pressure and the insertion of a
temperature probe it is recommended that tappings are a minimum of 1/2 inch BSP with a

through bore to suit the requirements of the probe. Fig. 6.2 shows such a fitting. A valve may
be fitted between the pipe boss and the tee-piece fitting. '

Pump Centre Report 695/27 Page 22 of 47



DRAFT - FOR COMMENT

Temperature
probe

LI T A O N R S A R D A A B
LI O S R T O S O B B |

{ NN T TN G O TR S S B

[ |
[T T T T A T R I W T |

\ Pressure

transducer

Recommended minimum
thread size 1/2 inch BSP
Figure 6.2 Combined Pressure and Temperature Tapping
6.2 Measurement of Head - BS §316 : Part 1 (Class C)
Fig. 6.3 shows the arrangement of tappings and pressure transducers for a test to meet the

uncertainty levels associated with BS5316 : Part 1 (Class C) - which are given in Table 5.3.
Single inlet and outlet tappings conforming to Section 6.1.1 may be used for Class C testing.

2 Pipe
Diameters \

Qutlet pressure |
e transducer * i

\‘H-.
Inlet pressure Checking fransducer
transducer —— reference level at
| %2 zero reading
2datum _/' | _/7>
plane e T
AN Lor o et above atmospheri
€1 e - Iniet above atmosphenc
' “\.:/ ey pressure, fluid-filed inlet tubes
Intet below atmospheric 2 Pipe
pressure, air-filled inlet tubes Diameters
Z datum - %
== Air-filled tube plane o

me— Fiuid-filled tube

Figure 6.3 Arrangements for Measurement of Head
BS 5316 : Part 1 (Class C)

The elevations, z, are measured upwards from the datum plane which shall be chosen at any
convenient level. If the pump is operated with the inlet pressure below atmospheric pressure
the inlet pressure measurement tubes may be operated full of air. In this case the inlet
measurement point elevation, z,, is the height of the tapping point. Where the pressure
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measurement tubes are full of fluid, the elevation is that of the transducer. Both cases are
shown in Fig. 6.3.

The inlet and outlet total heads are defined as:

UZ

H, =&+zl +—L
(25%4 2g

2

H, P +2z,+—=
p.g 2g

6.3 Measurement of Head - BS 5316 : Part 2 (Class B)

When a test is required to meet the uncertainty levels associated with BS5316 : Part 2 (Class
B) - which are given in Table 5.5 - the arrangement described in this section, and illustrated in

Fig. 6.4, shall be used.

Checking transducer
reference level at
2ero reading

Outlet pressure
\ fransducer

2 Pipe (’
Diameters \‘
Inlet pressure

transducer ——— @
T

L R
z datum o i
plane Rax i !
z = ! ; )
! [ Inlet above atmospheric
7 \QJ/ pressure, fiuid-filed inlet tubes
inlet below atmospheric 2 Pipe
pressure, air-filed inlet tubes Ciameters
z datum
== Ajr-filied tube piane

=  Fluig-filled tube

Figure 6.4 Arrangements for Measurement of Head
BS 5316 ; Part 2 (Class B)

Four static pressure tappings are to be provided, symmetrically disposed around the
circumference of the inlet and of the outlet pipes.

The elevations, z, are measured upwards from the datum plane which shall be chosen at any
convenient level. If the pump is operated with the inlet pressure below atmospheric pressure
the inlet pressure measurement tubes may be operated full of air. In this case the inlet
measurement point elevation, z,, is the height of the inlet pipe centre line at the measuring
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position. Where the pressure measurement tubes are full of fluid, the elevation is that of the
transducer. Both cases are shown in Fig. 6.4.

The pressure tappings shall be connected through shut-off cocks to a ring manifold of cross-
sectional area not less than the sum of the cross-sectional areas of the tappings, so that the
pressure from any single tapping may be measured if required. Before making testing, the
pressure with each tapping alone open shall be taken, at the normal test condition of the pump,
for each of the four tappings at inlet and outlet. If one of the readings shows a difference of
more than 0.5 per cent of the total head with respect to the arithmetical mean of the four
measurements, or if it shows a deviation of more than the velocity head in the measuring
section, the cause of the spread shall be ascertained and the measuring conditions rectified
before the test proper is started.

The inlet and outlet total heads shall be determined from the pressure heads measured at the
ring manifolds, the gravitational heads of the points of measurement and the velocity heads
calculated as though there were uniform velocity at the measuring positions:

2

H, =—p'—+z, 4
P& 2g

2

B; = Py +2z, + =%
P8 2g

6.4 Instrumentation
6.4.1 Pressure transducers

Use of an electronic data acquisition system is preferable when testing pumps by the
thermodynamic method. This requires the use of electronic pressure measuring devices
referred to in this document as pressure transducers. The calibration of these devices shall be
checked for each test.

6.4.2 Bourdon dial gauges

When this type of gauge is used for inlet and outlet pressure measurements to ascertain pump
total head, it is recommended that the difference between two consecutive scale graduations
be within 1.5 and 3 mm for both measurements, and that this difference corresponds to not
more than 5 per cent of the pump total head. The calibration of these measuring devices shall
be checked for each test.

6.4.3 Calibration
Bourdon gauges and pressure transducers shall be calibrated against a deadweight tester or a

reference pressure transducer. The overall uncertainty of the calibration shall enable pressure
measurements to be made within the uncertainty specified in Section 5.4.
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6.5 Effect of Pre-swirl Induced by the Pump

Errors in the determination of the inlet total head can occur if the pump induces a pre-swirl of
the flow at the inlet measurement position. The following method shall be used to detect the
presence of pre-swirl induced by the pump.

If the pump draws from a free surface reservoir, where the water level and the pressure acting
on it are constant, the head losses between this reservoir and the inlet measuring section
follow a quadratic law with the flow rate and therefore the same holds true for the inlet total
head. At higher rates of flow where there is no pre-swirl induced by the pump at the inlet
measuring section, measuring points ranged along a straight line H; =m +n q2 {where m and n
are constants), will be obtained - Fig. 6.5. However, with lower flow rates the appearance of
pre-swirl induced by the pump will cause errors in pressure measurement resulting in
deviations from this straight line. The corrected value for H, shall be taken from the straight
line.

If the pump does not draw from a constant head reservoir, another measuring section shall be
selected sufficiently far upstream where pre-swirl induced by the pump is known to be absent.
1t is then possible to use the same reasoning for the head losses between the two sections (but
not directly for the inlet total head).

Measured values

Onset of pre-swirl at
inlet measuring position

Corrected values

q‘Z

Figure 6.5 Correction of the Measured Total Head at Inlet
for Pre-swirl Induced by the Pump
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7 Measurement of Temperature
71 Thermometers

Any sensitive and accurate thermometers can be used for the thermodynamic method provided
their calibration and stability ensure the desired accuracy in the measurement of the
temperature difference. The uncertainty in temperature measurement shall meet the limits
given in Tables 5.2 and 5.4 at fluid velocities at least as high as those encountered in the pump
testing.

The thermometers shall be stable over a range of £5 K about the mean temperature to be
measured.

7.1.1  Calibration
For the measurement of fluid temperature the thermometer shall be calibrated against a

traceable standard. The overall uncertainty of the calibration shall enable temperature
measurements to be made within the uncertainty specified in Section 5.4.

Throttie valve
inlet measurement position - \ Qutlet measurement position -
temperature, pressure !| temperature, pressure
\ - ] \l .
N G M
{ i
z datum

Figure 7.1 Throttling Calorimeter

The system for the measurement of differential temperature shall be calibrated using a
throttling calorimeter - Fig. 7.1. In this device a flow of fluid is throttled using a valve or
similar device. Since there is no transfer of mechanical energy to the fluid:

_ " UZ_uZ
E.=a(p, - p:)+ ¢ (6, —91)+“22—1+g(22 -z;)+AE, =0

If the calorimeter is well insulated AE,, is zero and, if the test section is horizontal and the inlet
and outlet measuring positions are in pipes of equal diameter, z, = z; and U; = U,. Under
these conditions:

Y [ E(Pl_" P.)

2 1
Cp

Thus if py, p2 and 6, are measured the differential temperature can be calcutated and compared
with the measured value.
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This calibration should be carried over a range of differential temperature, fluid temperature,
fluid velocity and probe insertion depth corresponding to the pump test situation.

If the operation of the temperature probes and the calorimeter is satisfactory the calibration
will be unchanged when the upstream and downstream probes and their associated equipment
are swopped.

As part of the project under which this document was developed, a throttling calorimeter has
been established at NEL, and is available for the calibration of differential temperature
measurement systems. The test sections are 150 mm in diameter. Differential temperatures
from 5 to 130 mK and water velocities up to 7 m/s are attainable in the calorimeter. The rig
operates at close to ambient temperature and the rate of rise of temperature during operation
is less than | K/hr.

7.2 Probe Position

Only one thermometer is required at the inlet measurement position and one at the outlet
position. For large pumps - particularly those with horizontal pipes of diameter greater than
2 m at the measurement positions - more than one thermometer may be used at each position
by agreement between the parties. The thermmnometer(s) and the pressure measurement
tapping(s) at each position shall be in the same plane cross-section normal to the pipe axis.

Insertion probes are recommended for pump total heads less than 100 m.

Probes should be inserted to a minimum depth of 50 mm beyond the pipe wall, subject to
several observations to confirm that stable readings are being obtained.

Probes may be susceptible to vibration due to turbulence in the flowing fluid or vortex
shedding from the probe. Increasing fluid velocity aggravates this problem. If vibration of a
temperature probe is detected a new location should be found for it.

7.2.1 Velocity effects

The accuracy of temperature measurement can be seriously reduced if the fluid velocity at the
measuring positions is sufficiently high to induce vibration of the probes. Measurement under
such conditions should be avoided. The operation of the probes should be proven at fluid
velocities and insertion depths at least as severe as those encountered in the tests.

7.2.2 Recovery factor
The recovery factor is applied to the velocity heads at the measuring positions to correct the
measured temperatures for the viscous and momentum heating effects of the fluid moving past

the stationary probes.

Where the inlet and outlet measuring section diameters are equal, the differential velocity head
is zero and the recovery factor has no effect on the differential temperature - provided that the
inlet and outlet probes are of the same design.
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The recovery factor depends on the design of the temperature probes. As a general guide
correction will be necessary where the differential velocity head is greater than 0.5 per cent of

the pump total head.
7.3 Effect of Flow Recirculating from the Pump Iniet

At flow rates well below the best efficiency flow rate for the pump, fluid may recirculate back
from the pump inlet and past the inlet measuring position. This fluid will be heated during its
turbulent passage into and out of the impeller, and may include fluid which has been through
the impeller and has returned via the wear rings. In these circumstances the reading of the
inlet thermometer will be higher than the temperature of the upstream fluid and the measured
differential temperature will be in error. The inlet temperature reading may also become much
less steady when recirculation reaches the inlet measuring position.

The onset of this condition shall be detected by plotting the measured inlet temperature against
the square of the flow rate (Fig. 7.2) and noting the point at which the temperature deviates
from the almost constant value noted at high flow rates. In closed loop test rigs care should
be taken to distinguish between an inlet temperature rise due to recirculation and the rise in
temperature with time as the rig is run.

Onset of recirculation from the pump
at the iniet measurement position

++./

2

q

Figure 7.2 Detection of the Onset of Recircutation from the Pump
at the Inlet Measurement Position

The thermodynamic method of efficiency measurement shall not be applied in flow conditions
where this recirculation is affecting the inlet temperature measurement.
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8 MEASUREMENT OF POWER INPUT

If required, the shaft input power to the pump shall be measured by one of the following
methods:

a) Indirectly by subtracting the various electrical and mechanical losses from the
measured electrical power input to the dniving motor;

b) Directly by determination of the speed and torque at the pump shaft.

8.1 Indirect Method

The indirect method is normally used. In this method the electrical input power to the motor,
P, is measured, and the pump input power, P, is the product of Py, and the efficiency of the
motor, less any drive train losses between the motor and the pump - for example gear box
losses.

Ideally the electrical power should be measured at the motor terminals. If this cannot be done
the measured power shall be decreased by the losses occurring between the location of the
power meter and the motor terminals. These losses shall be determined by calculation. The
losses should include cable losses and starter and controller losses.

Measurement of electric power shall be by a Class 0.5 wattmeter (IEC Publication 51) using
either a two wattmeter or three wattmeter method.

8.2 Direct Method

The power input to the pump may be determined by measurement of shaft torque and shaft
speed. BS 5316 : Part 3 gives more details of this procedure.
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9 DETERMINATION OF FLOW RATE
9.1 Direct Measurement

The preferred method of determination of flow rate is by direct measurement using equipment
in accordance with the relevant standards. Possible methods are:

a) Weighing tank method (ISO 4185);

b) Volumetric tank method (ISO 8316);

c) Orifice plates, venturi tubes and nozzles (ISO 5167, ISO 2186);
| d) Thin plate weirs (ISO 1438/1, IS0 4373),

e) Velocity area methods (ISO 3354, ISO 3966);

f) Tracer methods (ISO 2975);

g} Electromagnetic meters (ISO 9104);

h) Turbine meters and ultrasonic meters when suitably calibrated and operated in
appropnate conditions.

9.2 Calculating the Flow rate From Measured Power Input

Where the flow rate can not be measured directly it can be deduced from the mput power to
the pump, P, measured as described in Section §, and the thermodynamic method efficiency
measurement, 1. The flow rate is then given by:

_nP

4= ot

where H is the pump total head.

The flow rate calculated by this method is affected by any errors in the pump head and
differential temperature measurements caused by installation effects.
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10 CORRECTIONS

Where the sum of the corrections for heat transfer and bearing and shaft seal losses, as
estimated according to Sections 10.1 and 10.2, exceed 1% of the shaft input power the limits
of uncertainty given in 5.4 can not be guaranteed.

10.1 Power Losses in Bearings and Shaft Seals

The efficiency measured by the thermodynamic method does not take account of external
losses in bearings and shaft sealing devices, where the heat generated by these losses is not
removed by the pumped fluid. These losses are generally small compared to the total power
absorbed, but will be more significant in a low power machine - especially if it is fitted with a
complex sealing system.

In certain mechanical seal arrangements a recirculation flush is provided by taking pumped
fluid from a high pressure point on the casing, through the seal cavity and returning it to the
main flow - through balance holes for example. In such cases it may be assumed that the
frictional heat from the seals contributes to the temperature rise across the pump and no
additional external seal loss allowance need be made. Sealing systems to API 610 Plan 11 fal]
into this category.

Table 10.1 gives coefficients for the estimation of bearing and seal losses for various
combinations of components. These coefficients are used in the following formula to calculate
the external loss:

P, =k, Nd’
- where d is the shaft seal diameter.

Table 10.1 Bearing and Seal Loss Coefficients

Configuration k,
(W min/m®)

End suction, overhung impelier:

Two ball bearings, packed gland 48
Two ball bearings, mechanical seal (Plan 11) 28
One ball, one roller bearing, packed gland 54
One ball, one roller bearing, mechanical seal (Pian 11) 34
One angular contact bearing and one roller bearing

double balanced mechanical seal 13

Double entry impeller between bearings:

Two ball bearings, two packed glands 68
Two ball bearings, two mechanical seals (Plan 11) 28
One angular contact bearing and one roller bearing,

two mechanical seals (Plan 11) 40
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The specific energy loss is then given by:

Alternative means may be used to estimate these losses subject to agreement between the
parties.

10.2 Heat Transfer

Where the pumped fluid is at a similar temperature to the ambient temperature, the correction
for heat lost through the casing walls will generally be negligible, but where there is a
significant temperature difference a correction may be necessary. The the loss of mechanical
energy by heat transfer, per unit mass of fluid flowing is given by:

AE, =L P'A@, -8,)

m

- where A is the exposed surface area of the pipework and the pump casing between the inlet
and outlet temperature measurement positions. The heat-transfer coefficient, P, through
metallic pipework and pump casing, is typically 10 W/H(m’K).

Alternative means may be used to estimate the heat-transfer coefficient by agreement between
the parties. Cases where heavy condensation is occurring may require special treatment.

Where bearings and seals are supplied by external lubricant and coolant systems it may be
possible to determine the consequent heat losses from the flow rates and temperature rises of
these fluids. Otherwise estimated values shall be agreed by the parties.

10.3  Speed

The pump shall be tested at a speed in the range of the specified speed £20 per cent. The
efficiency is not significantly affected by variations of speed in this range. However, if it is
required to correct the test results from the test speed, Nr, the specified speed, N, the
following relations shall be used:
Ng }
G
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ANNEX A - REFERENCES

BS 5316 ; Part 1 : 1976 Acceptance tests for centrifugal, mixed flow and axial pumps.
Part 1. Class C tests. (ISO 2548 - 1973)

BS 5316 : Part 2 : 1977 Acceptance tests for centrifugal, mixed flow and axial pumps.
Part 2. Class B tests. (ISO 3555 - 1977)

BS 5316 : Part 3 : 1988 Acceptance tests for centrifugal, mixed flow and axial pumps.
Part 3. Precision class tests. (ISO 5198 - 1987)

1SO 1438/1 Water flow measurement in open channel using weirs and venturi flumes. Part 1:
Thin-plate weirs.

ISO 2186 Fluid flow in closed conduits - Connections for pressure signal transmissions
between primary and secondary elements.

1SO 2975 Measurement of water flow in closed conduits - Tracer methods. Parts 1, 2, 3, 6
and 7.

ISO 3354 Measurement of clean water flow in closed conduits - Velocity -area methods using
current-meters in full conduits and under regular flow conditions.

ISO 3966 Measurement of fluid flow in closed conduits - Velocity -area methods using Pitot
static tubes.

1SO 4185 Measurement of liquid flow in closed conduits - Weighing method.
ISO 4373 Measurement of liquid flow in channels - Water level measuring devices.

ISO 5167 Measurement of fluid flow by means of orifice plates, nozzles and venturi tubes
inserted in circular cross-section conduits running full.

ISO 8316 Measurement of liquid flow in closed conduits - Method by collection of the liquid
in a volumetric tank.

1SO 9104 Measurement of liquid flow in closed conduits - Methods of evaluating the
performance of electromagnetic flowmeters for liquids.

IEC Publication 51 Recommendations for direct acting electrical measuring instruments and
their accessories.
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ANNEX B - THERMODYNAMIC PROPERTIES OF WATER

Values of the coefficients a, p (V. = 1/p) and ¢, are given in Tables B1, B2 and B3
respectively, as functions of temperature and pressure at intervals from 0 to 275 °C and from 0
to 300 bar gauge (1 bar = 10’ Pa).

Table Bl Isothermal CoefTicient, a (10° m’/kg)

Pressure Temperature (°C)
(bar gauge) 0 5 10 15 20 25 30 35

¢ 1.0186 09959 09754 0.957 1 0.9411 09265 09124 0.8990

20 1018 3 0.983 2 0.5731 09552 £.9394 0.9250 09111 0.897 9

44 1.012 1 0.990 5 0.9708 09532 09377 08235 09088 0.896 7

60 1.008 & 0987 8 0.9686 0.8513 06360 09220 D.B0B 6 0.8956

80 1.005 8 09852 0.966 3 0.649 4 0.834 3 0.8206 £.907 3 0.894 5

100 1.0027 09826 0.964 1 0847 4 08327 0.9191 £.906 0 08934
120 09997 0.980¢C 0.9619 0.64586 09310 0.817 6 09047 0.8923
140 09958 0.977 4 089587 0.8437 09294 08162 0.9035 0.8912
160 0993 8 08749 0.957 6 09418 09277 0.9147 0.8022 0.890 1
180 09909 | 09724 | 058554 ] 0.8400 | 09261 { 0.9133 | 09009 | 08890
200 0.988 1 0.9700 09533 0.938 1 09245 09118 08997 0.887 9
220 09853 0.967 6 09512 0.936 3 092289 09105 0.8985 QBB QS
240 09825 0.965 2 0.849 1 0.934 5 09213 ¢.909 1 0.897 2 0.8858
260 09798 0.962 8 0.947 % 0.8327 09187 0.907 7 0.896 0 0.884 7
280 0977 2 0.960 5 0945 % 09305 09182 0.906 3 0.894 8 0.8337
300 09745 0.958 2 0.8430 0.929 2 09166 0.804 9 0.8836 0.8826

Pressure Temperature (°C)
(bar gauge) 40 45 50 55 60 65 70 75

0] 0.886 1 0.8739 0.8623 0.851 1 0.8400 0.828 8 0.817 8 0.806 7

20 0885 2 0.873 1 0.8617 0.8506 0.8395 £.8285 0.8176 0.806 7

40 0.884 2 0.8723 0.8610 0.8500 0.8391 0.828 2 08174 0.806 6

&0 0.8833 0.8715 £.860 3 0.845 5 08387 0.827 95 08172 0.806 &

80 08823 0.8707 0.8587 0.848 9 0.8383 0.827 6 0.817 1 D806 S

100 088t 4 0.869 9 0.8580 0.848 4 08378 0.827 3 08169 0.806 4
120 08804 | 08591 | 0B583 | 0.8478 | 0.8374 | 08270 | 08167 | 0.8064
140 08795 085683 08576 0.847 3 08370 0.8267 0.816 & 0.806 3
180 08785 0.867 5 08570 08467 0.8365 0.826 4 08163 0.806 2
180 08776 08567 0.856 3 0.846 2 0.8361 0.826 1 08160 0.806 1
200 08767 | 08659 | 0.8556 | 0.8456 | 0.8357 | 0.8257 | 0.8158 | 0.8060
220 08757 0.865 1 08550 0.845 1 08352 0.825 4 0.8156 0.805 9
240 08748 0.854 3 {.854 3 0844 5 08348 0.8251 0.815 4 0.805 7
260 08738 086356 08536 08440 08343 0.8247 £8151 0.8056
280 08730 0.8627 0.8530 0.843 4 0.833 8 0.824 4 0.814 5 0.8055
300 0.872 1 0.862 0 0.8523 0842 8 0.833 4 0.8240 0.814 7 0.8053
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Table B1 Isothermal Coefficient, a (10° m’/kg) (continued)

Pressure Temperature (°C)
(bar gauge) 80 85 20 95 100 105 110 115
Q 07958 | 07849 | 07741 | 07631 | 0.7518 - - -
20 0785 9 0.7851 0.774 4 0.763 & 0.752 4 0740 8 0.728 9 0.716 6
40 07950 | 07853 | 07747 | 07640 | 07530 | 0.7416 | 07288 | 0.7177
60 0.796 0 07855 07750 0764 4 0.7535 0.742 3 07307 07187
80 0.796 C 07856 0.7753 0764 8 0.754 1 0.742 9 07315 07187
100 0.796 1 07858 0.7756 0.7652 0.7546 0.743 6 07323 0.7206
120 0796 1 0.7859 0.7758 0.7656 0.7551 0.744 2 0.7330 07215
140 0.796 2 0.786 1 07761 0.766 0 0.7555 0.744 8 0.733 8 0.722 4
160 0.796 2 0.786 2 0.776 3 0.766 3 0756 0 0.745 4 0.734 5 07233
180 0.796 2 0.786 3 6776 5 0.766 6 0.756 5 0.746 0 0.7352 07241
200 0796 2 0.786 4 0.776 8 0.767 0 0.756 & 0.746 5 07359 0724 9
220 07962 | 07885 | 07769 | 07673 | 07573 | 0.7471 | 07365 | 07257
240 07962 | 07866 | 07771 | 07676 | 07577 | 0.7476 | 07372 | 0.7265
260 0.786 1 D786 7 07773 0.767 8 0D.758 1 0.748 1 0.737 8 0.727 3
280 07961 | 07868 | 07775 | 0.7681 | 0.7585 | 0.7486 | 07384 | 07280
300 0.796 1 07888 | 07776 0.768 3 0.758 8 0.7450 0.738 ¢ 0.7287
FPressure Temperature (°C)
(bar gauge) 120 125 130 135 140 145 150 155
D = & = = - - i ]
20 0.704 & 0.690 & 06775 0.6636 0.649 4 0.634 6 06189 06025
40 07052 06923 0.6791 06654 06514 D636 8 0.6215 06053
60 0706 4 06937 0.680 6 0.667 2 06534 06390 06238 0.608 1
80 07075 | 06950 | 06821 | 06689 | 06553 | 06411 | 06263 | 06107
100 0.708 6 06963 | 0.6836 0.6705 0.857 1 06432 0.6286 0.6133
120 07097 06975 0.6850 06721 06589 06452 0.6308 06158
140 07107 06987 0.686 4 06737 0.6507 D.647 2 0.6330 0.618 2
160 07118 | 06999 | 06877 | 06752 | 06624 | 06491 | 06352 § 0.6206
180 07127 0.701 1 06890 06787 0.664 1 06510 0.637 3 06229
200 07137 | 07022 | 08503 | 06782 | 06657 | 0.6528 | 06393 | 0.6252
220 0714 6 07033 0.6916 06796 0.657 3 0.654 6 06413 0.627 4
240 07156 | 07043 | 06928 | 06810 | 06688 | 06563 | 06432 [ 06296
260 0716 4 0.7053 0694 0 0.682 3 0.6703 0.658 0 0.645 1 06316
280 0.717 3 0.706 3 0.695 1 0.683 6 06718 06596 0.646 9 06337
300 07181 | 07073 | 06962 | 06849 | 06732 | 06612 | 06487 | 06357
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DRAFT - FOR COMMENT

Table B1 Isothermal Coefficient, a (10° m’/kg) (continued)

Pressure Temperature (°C)
(bar gauge) 160 . 165 170 175 180 185 160 195
5} - - - - . - - -
20 05853 | 05672 | 05483 { 05285 | 05074 | 04843 | 04594 | 0.4325
40 05884 | 05707 | 05521 | 05328 | 0.5121 | 04896 | 04654 | 04392
60 05914 | 05741 | 05559 | 05369 | 05167 | 04948 | 04711 | 04456
80 05944 | 05773 | 05595 | 05409 | 0.5211 | 04897 | 04766 | 04518
100 05973 | 05805 | 05630 | 05448 | 0.5254 | 0.5045 | 04819 | 04578
120 06001 | 05836 | 05665 | 05486 | 05206 | 05091 | 04871 | 04635
140 06028 | 05866 | 0.5698 | 05522 | 0.5336 | 05136 | 04921 | 04691
160 06054 | 05896 | 05730 | 05558 | 0.5376 | 0.5180 | 04969 | 04745
180 08080 | 05924 | 05762 | 05593 | 05414 | 05222 [ 05017 ;| 04797
200 06105 | 05952 | 05792 | 05627 | 0.5451 | 0.5263 | 0.5062 | 0.4848
220 06130 | 05979 | 05822 | 05659 | 05487 | 05303 | 05107 | 04897
240 06153 | 06005 | 05851 | 05691 | 05523 | 05342 [ 05150 | 04945
260 06177 | 06031 | 05880 | 05723 | 0.5557 | 0.5380 | 0.5192 | 04982
280 06199 | 06056 | 05907 | 05753 { 05590 | 05417 | 05232 | 05037
300 06221 | 06080 | 05934 | 05782 | 05623 | 05453 | 05272 | 05080
Pressure Temperature (°C}
{bar gauge} 200 205 210 215 220 225 230 235
0 - - - . = i = “
20 04037 | 03728 | 0.3398% : = - - -
40 864112 | 03813 | 03484 | 03155 | 02795 [ 02415 | 0.1984 | 01509
60 04184 | 03893 | 0.3584 | 03255 | 02907 | 02540 | 0.2133 | 01669
80 04253 ] 03970 | 03670 { 03351 | 03014 | 02658 | 0.2266 | 0.1820
100 04320 | 04045 | 03753 | 03443 | 03116 | 0.2771 ] 02392 | 01964
120 04384 | 04116 | 03832 | 03532 | 03214 | 02880 | 02513 | 0.2101
140 04446 | 04185 | 03909 | 03617 | 0.3309 { 02984 | 02629 | 0.2232
160 04506 | 04252 | 03983 | 03689 { 0.3400 | 0.3084 | 02741 | 0.2357
180 04564 | 04317 | 04055 | 03779 | 03487 | 03181 | 02848 | 02477
200 04621 | 04379 | 04124 | 03855 { 03572 1 03274 | 02951 | 02593
220 04675 | 04440 | 04192 | 03929 | 0.3654 | 0.3364 | 0.3050¢ | 0.2704
240 04728 | 04499 | 04256 | 04001 | 03733 | 03451 | 031486 | 0.2811
260 04780 | 0.4556 | 04319 | 04070 | 03809 | 03534 | 0.3239 | 02914
280 04829 | 046491 | 04380 | 04137 | 03882 | 03615 | 0.3328 | 0.3013
300 04878 | 04664 | 04439 | 04202 | 03954 | 03693 | 03414 | 03108
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DRAFT - FOR COMMENT

Table Bl Isothermal Coefficient, a (10~ m"/kg) (concluded)

Pressure Temperature {°C)

(bar gauge) 240 245 250 255 260 265 270 275

o - & “ - & & _ B

20 g 2 5 = - . = -

40 00959 | 0.0344 g - & = . 2

&80 0.114 8 00561  -0.0084 | 00792 | 01563 | -0.2399 - -
80 0.132¢ 0.076 4 00152 | 00518 | 01246 | -0.2034 | -0.2883 | -0.3793
100 0.148 5 0.0855 00372 | -0.0264 | -0.0954 | -0.1699 | -0.2500 | -0.3358
120 0.164 2 01135 0.0579 | -0.0026 | 00681 | 01388 | -0.21486 | -0.2957
140 0.179 1 01305 0.077 4 0.0198 | -0.0426 | -01087 | -D1B17 | -0.2586
160 0.183 3 01467 0.0959 00408 | -0.0186 | -0.0826 | -0.1510 | -0.224.0
180 Q.206 9 0.162 2 0.1135 0.060 8 00040 | -00570 | -0.1222 | -D.1817
200 02189 0176 8 0.130 2 0.0797 00253 | -00329 | -0.0951 | -0.1813
220 02324 01910 0.146 1 0.097 6 00456  -D.0101 | -Q.0695 | -D.1327
240 0244 4 0.204 5 0.161 3 0.114 8 0.054 8 00115 | -00454 | -0.105 8
260 0.255 9 0.217 4 01758 0D.131 1 0.C83 1 0.0319 | -0.0225 | -0.080 4
280 0.267 @ 0.2298 £.1897 0.146 6 01005 0.0514 | -0.0009 | -0.0563
300 02776 024186 0.202 9 0.161 4 0.117 1 0.065 8 0.0197 | -0.0335
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DRAFT - FOR COMMENT

Table B2 Density, p (kg/m’)

Pressure Temperature (°C)
(bar gauge) 0 5 10 15 20 25 30 35

0 999.8 999.9 999.7 999.1 908.2 997.0 995.6 994.0

20 10008 | 10009 | 10006 | 10000 9991 997.9 996.5 994.0

40 10018 | 10019 | 10016 | 10009 { 1000.0 998.8 997.4 995.8

60 1002.8 | 10028 | 10025 ) 1001.8 | 10009 999.7 998.3 996.6

80 1003.8 | 10038 | 10034 { 10027 | 1001.8 | 10006 9931 997.5

100 10048 | 10048 | 10044 { 10037 | 10027 | 1001.5 | 10000 998.4
120 10058 | 10057 | 10053 | 10046 | 10036 | 10023 | 10008 999.2
140 10068 { 10067 | 10062 | 10055 | 10045 | 10032 | 10017 | 1000.9
160 10078 | 10076 | 10072 | 10064 | 10054 | 10041 | 10026 | 10008
180 10088 | 10086 | 10081 | 10073 | 10062 | 10050 | 1.0035 | 10018
200 1008.7 | 10095 | 10090 | 10082 | 1007.1 | 10058 | 10043 | 10026
220 10107 | 10105 | 10099 | 10091 | 10080 | 10067 | 10052 | 10035
240 10117 | 10114 | 10108 | 10100 | 10088 | 10076 { 10080 | 1004.3
260 10126 | 10123 | 10117 | 10109 | 10097 | 10084 | 10069 | 10052
280 10136 | 10133 | 10126 | 1011.7 | 10106 | 1009.3 | 1007.7 | 1006.0
300 10146 10142 1013.5 10126 1011.5 10101 1008.8 10068

Pressure Temperature {(°C)
(bar gauge) 40 45 50 55 60 65 70 75

0 892.2 890.2 988.0 985.7 983.2 980.5 977.7 974.8

20 993.1 991.0 988.9 986.5 984.0 981.4 978.6 975.7

40 993.9 991.9 989.7 987.4 984.9 982.3 979.5 976.6

60 994.8 992.8 $90.6 988.2 985.8 983.1 980.4 977.4

80 9957 9936 991.4 9891 986.6 984.0 981.2 978.3

100 996.5 994.5 992.3 990.0 987.5 984.8 982.1 979.2
120 997.4 995.3 993.2 990.8 988.3 985.7 982.9 980.1
140 998.2 996.2 994.0 991.7 989.2 986.6 983.8 980.9
160 999.1 897.0 994.8 992.5 990.0 987.4 984.6 981.8
180 899.9 997.9 995.7 993.3 990.9 988.2 985.5 982.6
200 1 000.8 998.7 996.5 994 2 991.7 989 1 986.3 983.5
220 1 001.6 999.6 997 .4 995.0 992.5 989.9 987.2 984.3
240 1002.4 | 10004 $98.2 995.8 993.4 990.8 988.0 985.2
260 1003.3 | 1001.2 999.0 996.7 994.2 991.6 988.9 986.0
280 1004.1 | 10020 999.8 897.5 995.0 992.4 989.7 986.8
300 10049 | 10029 | 10007 998.3 9958 993.2 990.5 987.7
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DRAFT - FOR COMMENT

Table B2 Density, p (kg/m’) (continued)

Pressure Temperature (°C)
(bar gauge) 80 85 S0 95 100 105 110 115
0 971.7 9686 965.3 961.8 958.3 - - -

20 a72.6 969.5 966.2 962.8 8959.2 9556 951.9 948.0

40 873.5 570.4 867 .1 963.7 $60.2 956.6 952.8 945.0

60 974 4 971.3 868.0 964 6 961.1 957.5 953.8 850.0

80 §75.3 8972 1% 968.9 965.5 862.0 958.4 8954.7 950.9
100 976.2 §73.0 959.8 966.4 962 5 959.4 9557 9518
120 977.0 973.9 $70.7 067.3 9638 960.3 G56.6 a952.8
140 977.9 974.8 871.5 968.2 0964.8 561.2 9575 a53.8
160 978.8 975.7 §72.4 569.1 8965.7 962.1 G988.5 854.7
180 978.6 9765 973.3 870.0 966.5 5963.0 959 .4 8556
200 980.5 977.4 9742 970.9 967 .4 9683.9 960.3 956.6
220 981.3 978.2 g75.0 o71.7 968.3 964.8 961.2 957.5
240 882.2 879.1 975.9 8726 569.2 985.7 962.1 858 .4
260 883.0 880.0 976 8 973.5 g70.1 966.6 863.0 858.3
280 983 8 980.8 977.6 974.3 971.0 967.5 963.9 960.2
300 984 7 9816 g978.5 975.2 971.8 068 4 964.8 961.1

Pressure Temperature (°C)
(bar gauge) 120 125 130 135 140 145 150 155
3] 2 - = = ” - - -

20 944 0 940.0 935.8 331.5 927.0 922.5 917.9 913.2

40 945.0 941.0 9368 8325 928.1 9236 918.0 914.3

60 946.0 942 ¢ 937.8 9336 9282 6247 820.1 g15.5

80 847.0 843.0 938.8 934 6 930.2 9258 921.2 916.6
100 048.0 944.0 938.8 935.6 931.3 926.6 922.3 917.7
120 948.8 944.9 940.8 9356 932.3 927.9 §23.4 918.8
140 949.9 9459 941.8 937.7 933.4 929.0 824.5 819.9
160 950.8 946 8 942 8 938.7 §834.4 830.0 89256 g21.0
180 951.8 947 49 043.8 939.7 935.4 931.1 826.7 922.1
200 952.7 548.8 944.8 940.7 036.4 932.1 8277 923.3
220 953.7 949.8 9458 941.7 937.5 933.2 g928.8 924.3
240 8546 as0.7 946.7 9426 a38.5 934.2 929.8 925.3
260 855.5 951.7 8947.7 8436 9394 8352 830.8 026.4
280 956.5 952.6 8486 9446 940.4 936.2 931.9 927.5
300 857.4 953.5 9496 8455 941.4 937.2 932.9 928.5
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DRAFT - FOR COMMENT

Table B2 Density, p (kg/m®) (continued)

Pressure Temperature (°C)
(bar gauge) 160 165 170 175 180 185 190 195
0 — £ 50 oy e i = .
20 908.3 803.3 898.3 893.1 887.7 882.3 B76.7 871.0
40 909.5 904.6 899.5 B94.3 889.1 883.8 878.1 872.4
60 910.7 905.8 900.7 8956 890.4 885.0 879.5 873.9
80 911.8 906.9 902.0 896.9 891.7 886.3 880.9 875.3
100 913.0 aog. 1 903.2 B98.1 892.9 887.6 882.2 876.7
120 914.1 909.3 904 4 8993 894.2 889.0 883.6 878.1
140 915.3 910.5 905.6 900.6 B95.5 890.3 8849 879.5
160 916.4 911.6 906.8 901.8 896.7 891.5 886.2 8808
180 917.5 912.8 907.9 903.0 897.9 892.8 887.5 882.2
200 918.6 913.9 909.1 904.2 899.2 894.1 888.8 8835
220 910.7 915.0 910.2 905.4 900.4 8953 890.1 884.8
240 920.8 916.1 9114 906.5 901.6 896.5 891.4 886.1
260 921.9 917.2 912.5 807.7 902.8 897.8 8926 B87.4
280 922.9 918.3 913.6 908.8 904.0 899.0 893.9 888.7
300 924.0 919.4 914.8 910.0 905.1 900.2 895.1 890.0
Pressure Temperature (°C)
(bar gauge) 200 205 210 215 220 225 230 235
0 2 ™ e o = - - <
20 865.1 859.1 852.9 . < - . .
40 866.6 860.6 854 5 848.2 841.8 835.2 828.4 821.4
60 868.1 682.2 856.1 8439 843.5 837.0 B30.3 823.4
80 869.6 863.7 857.7 8515 8452 838.8 8321 825.3
100 871.0 865.2 859.3 853.2 B46.9 840.5 834.0 827.2
120 872.5 866.7 860.8 854.8 848.6 842.2 835.8 828.1
140 873.9 868.2 8623 856.3 850.2 B43.9 837.5 8310
160 875.3 869.6 863.8 857.9 851.8 845.8 839.3 832.8
180 876.7 871.1 865.3 859.4 853.4 B47.3 841.0 8346
200 878.1 872.5 866.8 860.9 855.0 B48.9 842.7 836.3
220 879.4 873.9 868.2 862.4 856.6 850.5 844.4 838.1
240 880.8 875.3 869.7 863.9 858.1 852.1 B46.0 839.8
260 882.1 876.6 871.1 865.4 859.6 853.7 847.6 841.4
280 883.4 878.0 872.5 BG6.8 861.1 855.2 B49.2 843.1
300 884.7 879.3 873.9 868.3 B62.6 B856.7 B50.8 844.7
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Table B2 Density, p (kg/m’) (concluded)

Pressure Temperature {°C)
(bar gauge) 240 245 250 255 260 265 270 275

h] z - @ ” @ - - -

20 s s - » B, - - -

40 814.2 806.8 . . . = - -

60 816.3 809.0 801.4 793.6 785.4 777.0 - -
80 818.3 811.1 803.7 795.9 788.0 7797 771.2 762.3
100 820.3 813.2 805.9 798.3 790.4 782.3 773.9 765.3
120 822.3 815.3 208.0 8005 782.8 7848 776.6 768.2
140 8242 817.3 810.1 8027 795.2 787.3 778.3 770.9
160 826.1 819.2 812.2 804.9 797.4 789.7 781.8 7736
180 828.0 821.2 814.2 807.1 799.7 792.1 784.3 776.3
200 . 829.8 823.1 816.2 809.1 801.9 794 4 786.7 778.8
220 831.6 825.0 818.2 811.2 804.0 796.7 789.1 781.3
240 833.4 826.8 820.1 813.2 806.1 7988 7914 783.8
260 835.1 828.6 822.0 815.2 808.2 801.1 793.7 786.2
280 836.8 830.4 823.9 817.1 810.3 803.2 795.9 788.5
300 838.5 §32.2 825.7 819.1 812.3 805.3 798.1 790.8
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Table B3 Specific Heat Capacity at Constant Pressure, ¢, J/(kg K})

DRAFT - FOR COMMENT

Pressure Temperature (°C)
(bar gauge} 0 5 10 15 20 25 30 35

0 472075 | 42027 | 41967 | 4189.7 | 41816 | 41821 | 4182.0 [ 41816

20 41981 | 41941 | 41890 | 4182.9 | 41757 | 41764 | 41766 | 41763

40 41890 | 41858 | 41815 | 41762 | 4169.9 | 41708 | 4171.2 | 41712

60 41801 | 41776 | 41741 | 41696 | 41642 | 41653 | 41659 | 4166.1

80 41714 | 41696 | 41669 | 4163.1 | 41585 | 4159.8 | 41606 | 41611

100 41629 | 41618 | 41598 | 41568 | 4153.0 | 41544 | 41554 | 4156.1
120 41546 | 41842 | 41528 | 41505 | 41475 | 41491 | 41503 | 41512
140 44464 | 41467 | 41460 | 41444 | 41421 | 41439 [ 41453 | 41464
160 41385 | 41393 | 41393 | 41384 | 41368 | 41388 | 41404 | 41416
180 41307 | 41322 | 41327 | 41325 | 41315 | 41337 | 41355 | 41368
200 41231 | 41251 | 41263 | 41267 { 41263 | 41287 | 41306 | 41323
220 41157 | 41182 | 41200 | 41209 | 41212 | 41238 | 41259 | 41277
240 41084 | 41115 | 44138 | 41153 | 41162 | 41186 | 41212 | 41232
260 41012 | 41048 | 41077 | 4109.8 | 4111.3 | 41141 | 41166 | 41188
280 40042 | 40984 | 41017 | 41044 | 41064 | 41094 | 41120 | 41144
300 4087.4 | 40920 | 40959 | 40990 | 41016 | 41048 | 4107.5 | 41100

Pressure Temperature (°C)
(bar gauge) 40 45 50 55 60 85 70 75

0 41808 | 417908 | 41788 | 4181.3 | 41837 | 4186.2 | 4188.8 | 41916

20 41758 | 41751 | 41743 | 41768 | 4179.3 | 41818 | 41844 | 41872

40 41709 | 41704 | 41699 | 41724 | 41746 | 4177.4 | 4180.1 [ 41829

60 4166.1 | 41658 | 41655 | 41681 | 41706 | 4173.1 | 41758 | 41786

80 41613 | 418612 | 41612 | 41638 | 41663 | 41689 | 41715 | 41744

100 41565 | 41568 | 41568 | 41595 | 41621 | 41646 | 4167.3 | 4170.2
120 41518 | 41523 | 41527 | 41553 | 4157.9 | 41605 | 4163.2 | 4 166.1
140 44472 | 41479 | 41485 | 41512 | 41537 | 4156.3 | 4159.1 | 41620
160 49427 | 41436 | 41444 | 41471 | 41496 | 41523 | 4155.0 | 41578
180 41382 | 41393 | 41404 | 41430 | 41456 | 4148.2 | 4151.0 | 41539
200 41337 | 41350 | 41363 | 4135.0 | 41416 | 41442 | 4147.0 | 41500
220 41293 | 41309 | 41324 | 41350 | 41376 | 41403 | 41431 | 41461
240 41250 | 21267 | 41284 | 41311 | 41337 | 41364 | 4139.2 | 41422
260 44207 | 41226 | 41245 | 41272 | 41298 | 41325 | 41354 [ 41384
280 41165 | 41186 | 41207 | 41234 | 41260 | 41287 | 41316 | 41346
300 41124 | 41148 | 41169 | 41996 | 41222 | 41249 | 4127.8 | 41309
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DRAFT - FOR COMMENT

Table B3 Specific Heat Capacity at Constant Pressure, ¢, (J/(kg K)) (continued)

Pressure Temperature (°C)
(bar gauge) 80 85 90 95 100 105 110 115
0 41946 4 198.0 4201.8 4208.4 42152 - - -

20 4190.2 41936 4 197.5 4 204.0 42106 | 4217.4 4 2246 4 232.0

40 41859 41804 | 419832 4 185.6 4 206.1 42128 4219.8 4227 1

60 4181.7 41852 | 41891 4 195.3 42016 | 42082 4 215.0 42222

80 4177.5 41810 | 41848 4191.0 41872 | 42036 4 210.3 4217 4
100 4173.3 4176.9 | 41808 4 186.8 41928 | 4 198.1 42057 42126
120 4 169.2 4172.8 4176.8 418286 41885 | 41947 42011 4 2079
140 4 165.2 4168.7 | 41728 4178.4 41843 | 41903 41966 42033
160 4 161.2 4 164.8 4 168.8 4174.4 4 180.1 4186.0 41922 4198.7
180 41567.2 4 160.8 4 164.9 4170.3 4175.9 4181.7 41878 41942
200 4153.3 4 156.9 4161.0 4166.3 4171.8 4177.5 41834 41897
220 41404 | 41530 | 41572 | 41624 | 41677 | 41733 | 41791 | 41853
240 41455 4 149.2 4 153 .4 4 158.5 416837 | 4169.2 4174.8 4181.0
260 41417 | 41454 | 41496 | 41546 | 41598 | 41651 | 41707 | 41767
280 41379 | 41417 | 41459 | 41508 | 41558 | 4161.1 | 41666 | 41724
300 41342 | 41380 ! 41422 | 4147.0 | 41516 | 4157.1 | 41625 | 41682

Pressure Temperature (°C)
(bar gauge) 120 125 130 135 140 145 150 185
0 - - . - - o s -

20 4239.9 4 248.3 4 257.2 4 266.7 42768 | 42854 4 3025 4 316.4

40 42348 42430 ) 42518 4 261.1 42711 4 283.3 4296.2 4 30%.7

60 4229.8 42378 4246.4 4 2556 42654 1 42774 4 289.9 4 303.2

BO 42248 42327 42412 4 250.2 42599 1 42715 42838 42967
100 4219.9 42277 | 4236.0 4 2449 42544 | 42658 42778 42804
120 42151 42227 4 230.9 423986 42480 | 426801 4271.8 42842
140 4210.3 4 217.8 42258 42344 42437 | 42546 4 266.0 42781
160 42056 4213.0 4 220.8 42293 42385 | 42491 4 260.3 42721
180 4201.0 4 208.2 42160 42243 42333 | 42437 42546 4 266.2
200 4 196.4 42035 42111 4219.4 42282 | 42383 4 2491 4 260.4
220 4 191.9 419889 4206.4 4 214.5 42233 | 42331 42436 42547
240 4 187 .4 41943 4201.7 4 209.6 42183 | 4227.9 4 2382 4 248.0
260 4 183.0 41887 4 197.0 4 204.9 42134 | 42225 42329 42435
280 4 178.6 4 185.3 4 182.5 4 200.2 42086 | 4217.8 4 227.7 42381
300 41743 | 41809 | 41879 | 41956 | 42038 | 42129 | 42225 | 42327
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Table B3 Specific Heat Capacity at Constant Pressure, c, (J/(kg K)) (continued)

Pressure Temperature (°C)
(bar gauge) 160 165 170 175 180 185 190 195

D E & = - - - - ]
20 43300 | 43462 | 43623 | 43794 | 44014 | 44241 | 44476 | 44718
40 43239 | 43389 | 43547 | 43714 | 43927 | 44147 | 44374 | 44608
80 43171 | 43317 | 43472 | 43635 | 43841 | 44054 | 44274 | 44502
80 43103 | 43247 | 43398 | 43558 | 43758 | 43964 | 44177 | 44398
100 43037 | 43178 | 43326 | 43483 | 4367.7 | 43876 | 44083 | 44296
120 42972 | 43110 | 43255 | 43410 | 43507 | 43790 | 439080 | 44198
140 42908 | 43043 | 43186 | 43337 | 43519 | 43706 | 43900 | 44102
160 472846 | 42078 | 43118 | 43266 | 43442 | 43624 | 4381.2 | 44008
180 42784 | 42014 | 43051 | 43197 | 43367 | 43544 | 43727 | 43916
200 42723 | 42851 | 42085 | 43129 | 43294 | 43465 | 43643 | 43827
220 47664 | 42789 | 42021 | 43062 | 43222 | 43388 | 43561 | 43740
240 42605 | 42728 | 42858 | 42996 | 43151 | 43313 | 43480 | 43654
260 42548 | 42668 | 42795 | 42931 | 43082 | 43230 | 43402 | 43571
280 42491 | 42609 | 42734 | 42868 | 43014 | 43167 | 43325 | 4349.0
300 472435 1425512 | 42674 | 42805 | 42048 | 43096 | 43250 | 43410

Pressure Temperature (°C)
(bar gauge) 200 205 210 215 220 225 230 235

a = " - - - Z o =

20 44969 | 45228 | 454986 - - - - -
40 44851 | 45102 | 45363 | 45632 | 4591.1 | 46201 | 46647 | 47123
60 44737 | 44981 | 45233 | 45495 | 45766 | 46047 | 46489 | 46921
80 44626 | 44862 | 45107 | 45361 | 45625 | 4589.8 | 46208 | 46728
100 44518 | 44747 | 44085 | 45232 | 45488 | 45754 | 46134 | 46542
120 44413 | 44636 | 44867 | 45107 | 45356 | 45615 | 45976 | 46365
140 44310 | 44527 | 44751 | 44985 | 45228 | 4548.0 | 45823 | 46194
160 44210 | 44421 | 44639 | 44867 | 45103 | 45348 | 45675 | 46029
180 44113 | 44318 | 44530 | 44751 | 44984 | 45221 } 45532 | 45871
200 4 401.8 4 421.7 4 442 .4 4 463.9 4 486.3 4 509.7 4 539 4 4 571.8
220 43926 | 44119 | 44321 | 44530 | 44749 | 44976 | 45260 | 4557.C
240 43835 | 44024 | 44220 | 44424 | 44637 | 44859 | 4513.0 | 45427
260 43747 | 43930 | 44122 | 44321 | 44529 | 44745 | 45004 | 45289
280 4 366.1 4 383.9 44026 4 42260 4 442.3 4 463.4 4 488.2 4 5158.5
300 43577 | 43751 | 423932 | 44122 | 44320 | 44526 | 44763 | 45028
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Table B3 Specific Heat Capacity at Constant Pressure, ¢, (J/(kg K)) (concluded)

Pressure Temperature (°C)
(bar gauge) 240 245 250 265 260 265 270 275
0 . . % o « . = .
20 = = " y = s _ .
40 47630 | 4817.0 « - . ” = .
60 47403 | 47917 | 48463 | 49043 | 49657 . - -
80 47187 | 4767.8 | 4820.0 | 48756 | 49345 | 49969 | 50628 | 51324
100 46881 | 47450 | 4795.0 | 48483 | 49050 | 49851 | 50287 | 50959
120 46783 | 47232 | 47712 | 48225 | 4877.0 | 49350 | 49964 | 50614
140 46594 | 47024 | 47486 | 4797.9 | 48505 | 49064 | 49658 | 50288
160 46413 | 46826 | 47260 | 47744 | 48252 | 48793 | 49368 | 49979
180 46238 | 46635 | 47062 | 4752.0 | 48011 | 48535 | 49002 | 49685
200 4607.0 | 46452 | 4686.3 | 47306 | 47781 | 4828.8 | 48829 | 49405
220 45908 | 46276 | 46673 | 47101 | 47561 | 48053 | 4857.9 | 4913.9
240 45752 | 48106 | 46490 | 46904 | 47350 | 47828 | 4833.9 | 48884
260 45602 | 45943 | 46314 | 46715 | 47147 | 47612 | 48109 | 48641
280 45456 | 45786 | 46145 | 46533 | 46953 | 47405 | 47889 | 48408
300 45316 | 45634 | 45981 | 46358 | 46766 | 47206 | 4767.8 | 48184
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ANNEX C - PARTICIPATING ORGANISATIONS

This Code of Practice was written as part of a project on the thermodynamic method of pump
testing. The members of consortium which undertook the project were:

Advanced Energy Monitoring Systems Limited
Anglian Water Services Limited

British Steel Swinden Laboratory
Development Engineering International
Engineered Products (Manchester) Limited
Ingersoll-Dresser Pumps (UK) Limited
Kvaerner Boving Limited

National Engineering Laboratory

Scottish Hydroelectric PLC

Southern Water Services Limited

SPP Limited

Sulzer (UK} Pumps Limited

UK Department of Trade and Industry
Welsh Water

Yorkshire Water Services Limited
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