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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This document gives a methodology of planning for functional performance testing of secondary
hydronic pump, system and associated controls for building commissioning, and has been prepared for
building designers, i.e. architects, environmental designers and building system designers, as well as
building clients, contractors, commissioning providers, government officials, and academic staff.

The aim of this document is to assist the building designers in applying a commissioning plan and a
commissioning test, which are defined in ISO 16813. In order to achieve effective energy saving
in building equipment systems that consume a large amount of energy, it is important not only to
intrjoduce energy efficient technologies to the system but also to verify their functional perflll‘mance by

testls and adjustments after the completion whether the system works properly according t its design
intgnt. This document makes it possible to verify performance of secondary hydronie’pu
and| associated controls with clear and specific processes.

p, system

As well as the intended usage for heating, ventilation and air conditioning)(HVAC) syJstems, the
secpndary hydronic pump system targeted by this document is described in(Figure 1.

© IS0 2019 - All rights reserved v
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Figure 1 — Secondary hydronic pump system targeted by this document

dPw_AHU: end-pressure difference (in Pa)

Tw<AHUin: inlet water temperature of air hand
units (in °C)
Tw_AHUout: outlet water temperature of air hang
units (in °C)
Vw_AHUout: water flow rate of air handling
(in kg/s)
Qw _AHU: amount of heat exchanged in air hang
units (in kW)

Pw_PSout: supply-side pressure (in Pa)
dPw_PS: pump pressure difference (in Pa)
Vw_PS: water flow rate of each secondary hydn
pump (in kg/s)

E_PS: energy consumption of each secon
hydronic pump (in kW)
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Planning for functional performance testing for building
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Part 1:
Secondary hydronic pump, system and associated controls
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in hleating, ventilation and air conditioning (HVAC) systems.
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Scope

5 document specifies a planning method for functional performance testing (EPT). Thig
bplicable to the planning of the FPT during the design phase of new buildings-and retrof
ch is defined in ISO 16813.

5 document establishes how to design building environmental systems when the FE
ied out. This document defines the following:

document
it projects,

T is being

what kind of information regarding the system is required’ (for example, design dlocuments,

drawings and product specifications);

what kind of data should be measured (though concrete measurement techniques are nc
in this document);

how the measured data is analysed.

h clear definition of the FPT makes it possible for building designers to prepare and pl

5 document specifies an FPT method for secondary hydronic pump, system and associat

Normative references

following documentsyare referred to in the text in such a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3
ated references/the latest edition of the referenced document (including any amendmen

16813, Building environment design — Indoor environment — General principles

16484-1,7Building automation and control systems (BACS) — Part 1: Project specifi
ementation

t specified

an for FPT

bd controls

bir content
pplies. For
[s) applies.

cation and

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 16813, ISO 16484-1 and the
following apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/
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31

basis of design

BoD

document that bridges the objectives conveyed in the owner project requirements (3.5) and the contract
documents (construction drawings and project specifications) which records through narrative, lists
and calculations, the technical concepts, performance, assumptions, decisions, and product selections

that fulfil t

3.2
building c
measures

he requirements of the owner project requirements

ontrol system
aken to ensure the system operates in accordance with the specified conditions

3.3

commissigning

quality-fod
documenti
tested, ope

34
design do¢
written de

3.5
owner prd
OPR
written dg
outlines th

3.6

function performance testing

FPT
testing pra
associated

3.7
supply-sid
hydronic p

Note 1 to enftry: This is illustrated in)Figure 1.

3.8
pump pre
hydronic p

Note 1 to enftry: This-is"illustrated in Figure 1.

3.9
end-press
hydronic p

used process for enhancing the delivery of a project which focuses upon verifying
hg that all of the commissioned systems and assemblies are planned, designed, instal
rated, and maintained to meet the owner project requirements (3.5)

fument
scription of the essential factors of every design stage, to be retained for future referencd

ject requirement

cument that details the ideas, concepts, and critetiajthat are required by the owner
e requirements upon which the pre-design, design@nd construction phases are executed

cess to demonstrate the correct installation and operation of each component, system,
controls in accordance with the owner project requirements (3.5)

€ pressure

Fessure of pump outlet

ssure difference
Fessure diffefence between pump inlet and outlet

and
led,

and

and

wo-difforoancao

TC OITICTCIICT

ressure difference between inlet and outlet of the farthest air handling unit

Note 1 to entry: This is illustrated in Figure 1.

3.10

multiple-unit pump staging control
number of operating pumps, which changes according to the water flow rate of air handling units or the

amount of

heat exchanged in air handling units

Note 1 to entry: The water flow rate of air handling units and the amount of heat exchanged in air handling units
are illustrated in Figure 1.
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3.11

rotation speed control with constant delivery pressure
rotation speed of pumps is changed with inverters according to supply-side pressure (3.7) or pump
pressure difference (3.8) with the set point of the supply-side water pressure or the pump pressure
difference being constant

Note 1 to entry: The supply-side pressure and the pump pressure difference are illustrated in Figure 1.

3.12
rotation speed control with variable delivery pressure
rotation speed of pumps is changed with inverters according to supply-side pressure (3.7) or pump

pre:
diff]

Not

4

4.1

Bui
Sys
sha
in t
sec

4.2
Thd

isure difference (3.8) with the set point of the supply-side water pressure or the pum
brence being variable according to the end-pressure difference (3.9)

Planning for functional performance testing

Design of secondary hydronic pump system

ding designers determine the required function and performance of secondary hydr
em and associated controls according to the owner projeetdequirements (OPR). The r¢
1 be written in the basis of design (BoD). The secondary)hydronic pump control syste

ndary hydronic pump system:
Type A: rotation speed control with constant delivery pressure.

— Type Al) rotation speed of pumps is changed with inverters according to supply-sid
The set point of the supply-side pressure is constant.

— Type A2) rotation speed of pumps is changed with inverters according to pum
difference. The set point of the'pump pressure difference is constant.

Type B: rotation speed contfiel with variable delivery pressure.

— Type B1) rotation spéeed of pumps is changed with inverters according to supply-sid
The set point of the Supply-side pressure is variable according to the end-pressure d

— Type B2) rotation speed of pumps is changed with inverters according to pum
differenc€. SThe set point of the pump pressure difference is variable according t
pressuredifference.

Dataacquisition

rfequired data for the functional performance testing is shown in Table 2. In order to me3

e 1 to entry: The supply-side pressure and the pump pressure difference are illustratedin.Figure[1

s
his document are listed in Table 1. This document assumes that there are multiple pm

p pressure

hnic pump,
quirement
targeted
ps in the

e pressure.

p pressure

e pressure.

ifference.

p pressure
o the end-

isure these

data, The adequate sensors shall be deployed. For new bullding projects, the required data could be
obtained from the building control system. For retrofit projects, the required data could be obtained
from the existing building control system or measured by installing temporary data loggers. Annex A
gives an example of data acquisition planning.
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Table 1 — Targeted secondary hydronic pump control systems

Multi- Rotation speed control
Control | ple-unit ] ] h .
system pump Constant Constant Variable Variable SC_ ematic
type staging supply-side | pump pressure supply-side pump pressure diagram
control pressure difference pressure difference
Type Al v v Figure 2
Type A2 v v Figure
Type B1 4 Figure'lt
Type B2 Y v Bigure p
Table 2 — Required data for the testing described in Clause 5
Required data
Water flow| Amount E Electrtic P
Theeme it . of heat Water nergy CURTENTON Sup- ump
& lii::glfizlr exchange | flow rate | consumption | Inverter. | ply-side | pressurfe
units & |inair han- | of pump of pump frequency | pressure differenke
dling units of pump
Test 1
V' V' v'b v'b
described in 5.2 ’ ’
Test 2
v v
described jn 5.3
Test 3
v v
described in 5.3
Test 4
v v
described in 5.4
a2 Measurg¢ either of them.
b Measurg either of them.
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Figure 2 — Secondary hydronic pump control systems (Type A1)

supply-side pressure

water flow rate of air handling units
number of operating units

on or off

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=0760f57314e08f85aaf815755efa4390

ISO 19455-1:2019(E)

~
()
<

— T o mm g O W

farthes
air han
valve

second
reserve

inverter

heat so
primar
buildin

air handling unit
Hling units

hry hydronic pumps
hydronic pumps

irce equipment
 hydronic pump
b control system

——

B, N -

Figure 3 5~Secondary hydronic pump control systems (Type A2)
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Figure 4 — Secondary hydronic pump control systems (Type B1)
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A farthest air handling unit 1 \¢end-pressure difference
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C valve 3 water flow rate of air handling units
D  secondfry hydronic pumps 4  number of operating units
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G  heatsofirce equipment
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Figure'5 — Secondary hydronic pump control systems (type B2)
5 Functional performance testing method
5.1 General
Functional performance testing for secondary hydronic pump, system and associated controls consists
of the four tests listed in Table 3:
— Test 1) - Testing for verifying relationship between water flow rate and number of operating units.

— Test 2) - Testing for verifying relationship between water flow rate and supply-side pressure.

— Test 3) - Testing for verifying relationship between water flow rate and pump pressure difference.

— Test4)

- Testing for verifying relationship between water flow rate and energy consumption.

© ISO 2019 - All rights reserved
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NOTE It is not necessary to carry out all the tests listed in Table 3. It is important to decide which test to
conduct for each project depending on the OPR or commissioning cost.

Table 3 — Functional performance testing methods

Test Control system types
Target Purpose
Method Al | A2 | B1 | B2

Relationship between water flow | To verify the function of multi-

Test 1 ) ! . . v v v v
rate and number of operating units |ple-unit pump staging control

o s Relationship between water flow To verify the function of rota- ) v

s rate and supply-side water pressure |tion speed control
Relationship between water flow  |To verify the function of rota-

Test 3 : : % v
rate and pump pressure difference |tion speed control

. . To verify the energy per-
Test 4 Relationship between water flow formance of the secondary ) v v v

rate and energy consumption hydronic pump system

5.2| Testing method for verifying relationship between water'flow rate and number of
op¢rating units (test 1)
5.2/11 General

Thip testing method aims to verify the function of the multiple-unit pump staging control. This test
assyimes that there are multiple pumps in the targeted secondary hydronic pump system.

5.2{2 Step 1) Measurement of operational data
The following operational data shall be measured:
— |water flow rate of air handling unitssée Figure 1);

— when the number of operating pumps is changed according to the amount of heat exchanged in
air handling units (see Eigure 1), the heat amount shall be measured.

— |energy consumption of each secondary hydronic pump (see Figure 1);

— when the measurement of the energy consumption is difficult, electric current of eagh pump or
frequency of'each inverter can be used.

5.2{3 Step 2)‘Calculation of number of operating pumps

Thg numbeérvof operating pumps shall be calculated using the measured energy cons@imption of
each puriip: When the measured energy consumption is larger than zero, the pump is judged to be in
opefration.

5.2.4 Step 3) Analysis of relationship between water flow rate and number of operation units

Using the operational data of water flow rate and number of operating pumps, a figure shall be drawn
(see Figure 6), where the horizontal axis is the water flow rate and the vertical axis is the number of
operating units.

5.2.5 Step 4) Clarification of the design specification

The control set points of the water flow rate when the number of pumps is changed (upper limit and
lower limit) shall be added to the figure drawn in 5.2.4. In general, the set points are written in the
design documents as shown in Table 4.

© IS0 2019 - All rights reserved 9
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5.2.6 Step 5) Comparison with the design values

The measured water flow rates at which the pump operation number changes shall be compared with
the design values (upper limit and lower limit). The followings especially need to be confirmed:

— whether the water flow rate for each number of operating units is not over the upper limit of the
number of operating units;

— whether the water flow rate for each number of operating units is not below the lower limit of the
number of operating units.

Table 4 — Example of the design set points of the multiple-unit pump staging control
Numbqr of operating units Lower limit of water flow rate Upper limit of water flowrat¢
1 unit 60 m3/h 140 m3/h
2 units 120 m3/h 280 m3/h
3 units 240 m3/h 700'm3/h
A
3,5
3 (X ] -—“‘m-o
2,5
2 RIS SRGESEENIRENNN BSER
1,5
1  — ——
0,5
0
0 100 200 300 400 500 600 700 B
Key
A number of operating units B  water flow rate (in kg/s)
Figure 6 - Example of therelationship between water flow rate and number of operation units
5.3 Testing method for verifying relationship between water flow rate and pressure
(test 2, 3)

5.3.1 General

This testing method aims to verify the function of the rotation speed control system. When there are
multiple pumps in the secondary pump system, this test shall be applied to each pump which has the
rotation speed control system installed.

5.3.2 Step 1) Measurement of operational data
For each pump, the following operational data shall be measured:
— water flow rate of each secondary hydronic pump (see Figure 1);

— supply-side pressure (only for test 2) (see Figure 1);

10 © IS0 2019 - All rights reserved
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pump pressure difference (only for test 3) (see Figure 1).

3 Step 2) Analysis of relationship between water flow rate and pressure

Using the operational data of water flow rate and pressure, a figure shall be drawn (see Figure 7), where

the

5.3.

horizontal axis is the water flow rate and the vertical axis is the pressure.

4 Step 3) Clarification of the design specification

When the targeted system has a rotation speed control with constant delivery pressure (the control

Sys
in 5
con
flov
wri

5.3

Thd
tob

Key

enrtypes ts type Ator AZ), thecontrotset puiut ofthe pressure shattbeaddedtothe ﬁE
.3.3. When the targeted system has a rotation speed control with variable delivery ‘pr
[rol set points of maximum and minimum delivery pressure, and maximum and,@iniy
p rate shall be added to the figure drawn in 5.3.3 as shown in Figure 7. In general; the sef
tten in the design documents.

5 Step 4) Comparison with the design values

measured pump pressure shall be compared with the design value."The followings esp¢
e confirmed:

whether the difference between the measured and assumed pressure is below 10 %.

ure drawn
pssure, the
num water
points are

cially need

A
250
’PC
200 S —
- - I
|
150 |
|
100 :
|
50 '
|
| |
0 . I
0 100 200 300 400 500 600 700 goo B
supply=side pressure (in kPa) C 220 kPa when water flow rate is 680 m3fh
water'flow rate (in m3/h) D 60 kPa when water flow rate is 40 m3/h
Figure 7 — Example of the relationship between water flow rate and pressure

(control system type B)

5.4 Testing method for verifying relationship between water flow rate and energy
consumption (test 4)

5.4.

1 General

The testing method aims to verify the energy performance of the rotation speed control system. When
there are multiple pumps in the secondary pump system, this test shall be applied to each secondary

hyd

ronic pump on which a rotation speed control is installed.
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