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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.
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Introduction

Thermal comfort is the condition that expresses satisfaction with the thermal environment. This is
mostly reached if the heat generated by the human metabolism is allowed to dissipate in every part
of the human body in order to maintain thermal equilibrium with the surroundings. Since the heat
generated by the human metabolism is individual, the satisfaction with the thermal comfort condition
is also individual.

The main factors that influence thermal comfort locally at every part of the human body are physical
activity, clothing insulation, air temperature, mean radiant temperature, air velocity and relative
humidity. A satisfying thermal equilibrium can be reached in various combinations of the mengigned
factors. THerefore, it is not possible to specify an independent optimum of a single factor,like| air
temperatufe, mean radiant temperature, air velocity or relative humidity.

ISO 7730
satisfactiol

presents methods for predicting the general thermal sensation and degree"”of therjmal

1 of people exposed to moderate thermal environments in buildings.

The thermal comfort sensation in railway vehicles is in addition strongly affected by temporary factors.

vith
the
om.
ally
na
eis

Passengerg enter the vehicle coming from an environment with a different thérmal condition and
an individyial physical activity level. Thermal comfort sensation is then témporary depending on
thermal equilibrium and comfort sensation generated in the environment Where they are coming 1
In hot wegther conditions, passengers who travel just for some minutes in an urban train typiag
prefer lowgr temperatures and higher air velocities than passengers who travel for some hours
long-distance train. Further, whether passengers adapt their clothing during their stay in the vehic

of additionfpl influence.

The therm
vehicle wit]
Door open

hl comfort which can be offered is also affected by temporary factors. The interaction of
h the environment influences the thermal condition in the occupied areas in a dynamic
ngs in train stations, rapidly changing outside weather conditions, rapidly changing deg

the
vay.
ree

of occupation cannot be balanced promptly by theinstalled HVAC system.

ive
ort
vay

The mentipned combinations of air temperature, mean radiant temperature, air velocity and rel
humidity afre furthermore limited by the high grade of occupation, high air volume exchange rate, s
distance bptween passenger and surrdunding surfaces and other technical constraints of a rail
vehicle.

This document takes into account these special conditions in railway vehicles. It deals with |the
influence df the exterior climdti¢ condition on the dimensioning of the HVAC system, the air quality, pnd
the measurement methodsimorder to achieve adequate thermal comfort. This document also considlers
specific ar¢as in railway,vehicles, such as sanitary rooms, entrance areas and galleries.

nto
bes
ent
her

This document describes the parameters and requirements in general which should be taken

account when designing and testing an HVAC system for railway vehicles. This document also descr
guidelines | to«spécify conditions, performance values and the comfort parameter measure

methods, hut-does not specify detailed pass and fail criteria for comfort requirements or any o
technical property of the rattway vehicies.

These specifications are designed to be considered together with the national/regional standards,
which take into account different preferences, local weather and operational conditions.
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Railway applications — Heating, ventilation and air
conditioning systems for rolling stock —

Part 2:
Thermal comfort

1 (Scope

Thif document specifies a general approach for achieving thermal comfort for passenger conjpartments
or daloons of railway vehicles (single level or double-decker) such as main linefregional/subpurban and
urbpn vehicles used in public transportation services.

Thif document also describes guidelines to specify conditions, performance values and the comfort
parpmeter measurement methods for compartments, saloons and local’annexes.

Thif document does not apply to the thermal comfort of the cab driver.

2 |Normative references

The following documents are referred to in the textdn such a way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referénced document (including any amendments) applies.

[SO[19659-1, Railway applications — Heating, ventilation and air conditioning systems for rolling stock —
Part 1: Terms and definitions

3 |Terms and definitions
For|the purposes of this docuiment, the terms and definitions given in ISO 19659-1 apply.

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

— |ISO Online browsing platform: available at https://www.iso.org/obp

— |IEC Electropédia: available at http://www.electropedia.org/

4 |Category of passenger railway vehicles

4.1—Generat

For the needs of this document, passenger railway vehicles are categorized into three types that
consider average passenger travel time and average time between station stops next to each other. The
following subclauses, 4.2, 4.3 and 4.4, are helpful for choosing the category.

NOTE The ability to achieve thermal comfort is influenced by the type of train. It is not practicable to take
a level of thermal comfort of one vehicle category and apply it to a different vehicle category. For example, it is
generally not feasible to provide the higher level of thermal comfort of a main line train in an urban train.

4.2 Category 1 (e.g. main line, intercity, long-distance, high speed)

Passenger railway vehicles are typically used in long-distance transit services between major cities
and/or regions of a country and sometimes across several countries. They have toilets and often have

© IS0 2020 - All rights reserved 1
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food service facilities, such as a dining car or a restaurant car. Passenger railway vehicles travelling
overnight also sometimes have sleeping cars. Passenger coach interiors are typically fitted with
comfortably spaced and configured seating and separated by interior doors from the vestibule.
The average passenger travel time is typically more than 30 minutes and the average time between
consecutive station stops is typically 15 to 30 minutes or more.

4.3 Category 2 (e.g. suburban, commuter, regional)

Passenger railway vehicles are typically used in medium-distance transit services between cities
and suburban areas or between smaller communities along the line or at the outer rim of a suburban

belt. Passe
limited sp
20 minuteq

hce for standing passengers. The average passenger travel time is typically more.t
and the average time between consecutive station stops is typically 5 to 10 minutés:

4.4 Category 3 (e.g. urban, LRV, tram, metro/subway)

Passenger
Passenger
space for s
the averag

5 Desig

5.1 Gen

Exterior/ix
specified a|

Since exter
not give sp
from relev
values are

coach interiors are normally equipped with limited seating with a.proportionately 14
fanding passengers. The average passenger travel time is typicallyléss than 20 minutes
e time between consecutive station stops is typically 1 to 5 minutes:

n conditions

bral

terior boundary conditions, under which the comfort parameters shall be achieved, shal
5 the design conditions in the technical specification.

ior/interior design conditions depend onlocal climatological conditions, this document d

[TgeT CoatiT ITteriorsare ormaty equipped-withrigh=demnsity seatimg-withrproportiomately

han

railway vehicles are typically used in high-density urban passenger transportation services.

rge
and

| be

oes

ecific values for exterior/interior design conditions. It is recommended to use values t
ant national/regional standards,:literature or existing meteorological data. In case
hot available, this document provides recommended values that can be applied in gener

ken
3uch

.

5.2 Exterior design conditions

5.2.1 Paframeters
The valued for the parameters — temperature and corresponding relative humidity, solar radiatfion,
altitude, trpin speed —shdll be specified based on actual conditions throughout the service route pnd

should be described.in‘the technical specification or the relevant national/regional standard.

In 5.2.2 to b.2.5;recommendations are given that specify the exterior design conditions.

5.2.2 Te

perature and r‘nrrpcpnndino relative hnmidify
(=]

Table 1 gives typical climatic design conditions for summer and Table 2 gives typical climatic design
conditions for winter. For winter, relative humidity is not relevant and therefore, not considered. After
extensive research, various climatic design conditions are collected, but not exhaustively. The collected
conditions are grouped into 11 climatic conditions for summer and 7 climatic conditions for winter,
covering most of the climatic design conditions worldwide.

The climatic design conditions for summer and winter can be selected from Table 1 and Table 2. Projects
with particular local conditions could require the definition of a design point other than recommended
in Table 1 and Table 2.

© IS0 2020 - All rights reserved
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Table 1 — Typical climatic design conditions for summer

Climatic Exterior . Enthalpy Relevant Relevant
- . Relative
design design humidit (standard zZone document
condition temperature y condition) (example) (example)
°C % kJ/kg
EN 13129
45 55,3 North Europe
TS1 28 EN 14750
(50) (58,4) (China) (GB/T 33193.1)
TGS 27 =2 70 . Cantral Enveona
FS2 2 56 70;5 Central-Eurepe
Japan JIS\Ep603
TS3 33 69 89,7 Malaysia
Vietnam
EN 1B129
TS4 35 50 80,8 Central Europé
EN 11750
Argefitina
Thailand -+
TS5 35 60 90,2
Russia
China GB/T 33193.1
Brazil
TS6 35 65 94,9 China —+
Middle East
Brazil
India
TS7 35 75 104,5 Indonesia —+
Singapore
Thailand
EN 1B129
40 88,3 South Europe
TS8 40 EN 1#750
(46) (95,8) (China) (GB/T 33193.1)
Singapore
TS9 40 60 113,4 —+
Venezuela
TS10 45 10 60,6 Middle East —+
India
TS11% 45 30 92,2 —+
USA

Table 2 — Typical climatic design conditions for winter

Climatic Exterior Relevant Relevant
design design zone document
condition temperature (example) (example)
°C
China GB/T 33193.1
EN 13129
TW1 -40 North Europe
EN 14750
Russia —
TW2 -30 USA —

© IS0 2020 - All rights reserved
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Table 2 (continued)

NOTE1 1]
usable fors

NOTE2 4
national/re
Guideline.

5.2.3 So

The solar 1
literature

The "ASHR

Climatic Exterior Relevant Relevant
design design zZone document
condition temperature (example) (example)
°C
TW3 -25 China GB/T 33193.1
Argentina —
TwW4 -20 EN 13129
Central Europe
EN 14750
China GB/T 33193.1
TW5 -10 EN 13129
South Europe
EN 14750
Argentina
TW6 0 Brazil
Japan JISE 6603
Brazil
TW?7 5 <
India

ar radiation

of 21 July aft 4:00 pm local standard time. This is because:

— Julyis

" and i

If no valug
recommen

5.2.4 Al

Hed.

itude

A\nnex A introduces exterior design temperature angd, corresponding relative humidity give
bional standards of Japan, China and Europe, and design conditions recommended in the ASH

bad shall be specified for summer, only. It could be taken from national/regional standa
r existing meteorological data.

AE Handbook — Fundamentals” recommends calculating the solar load under the condi

typically the hottestmonth in the northern hemisphere, and

'he "ASHRAE Handbook — Fundamentals” is a reference source’ of local climatological conditions,
blecting the appropriate design conditions.

h in

RAE

Irds,

[ion

local standardgtimeis typically the time of day when the combination of total solarirradignce
bient temperature results in the greatest cooling gain.

s are available, a solar load of 700 W/m?2 at an angle of 30 degrees to the horizont3l is

Altitude throughout the service route shall be considered. If the difference in altitude between the
testing location and the actual operating location is larger than 1 000 m, the reduction of cooling
capacity shall be taken into account.

5.2.5 Train speed

The maximum operational train speed shall be considered for winter condition. Zero train speed shall
be considered for summer condition.

© IS0 2020 - All rights reserved
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Extreme exterior conditions

Extreme conditions should be specified in the technical specification to ensure the function of the
system and to prevent an oversized HVAC system design. If not specified in the technical specification
or national/regional standard, the following recommended values apply.

The function of the HVAC system installation shall be maintained up to extreme exterior temperatures:
5 K below the exterior design temperature for winter and 5 K above the exterior design temperature for
summer. However, it should be recognized that thermal comfort parameters may not be achieved.

5.4

5.4
Thd

For

TIICC T TUT O COTL I CUITOI T CIrOUTT

1 Internal heat gains

following internal heat gains shall be taken into account during summer:
electrical cubicles;

electrical devices;

catering equipment;

number of persons (passengers/train staff; heat load per pérson);

fresh air volume flow rate.

winter, only the fresh air volume flow rate shall.be considered, except in cases whe

stapdards or technical specifications allow consideration of the heat emission of persons 3

freq
des

The
pas

Thd

5.4

The
give
con|

h air volume flow rate. In such cases, the most critical operational case shall be considg
gn (occupation and related fresh air volumeflow rate).

passenger heat load shall be assessed:dn the basis of an even distribution under a given|
sengers (e.g. over the seats/standing):

se conditions shall be specified in'the technical specification.

2 Temperature and carpesponding relative humidity

n as recommendations to specify temperature and corresponding relative humidity:.
dition, relative humidity is not relevant and therefore, not considered.

e national
nd related
red for the

number of

values of Table 3 and) Table 4 for the selected climatic design conditions according t¢ 5.2.2, are

For winter
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Table 3 — Interior design temperature and corresponding relative humidity for summer

Category 1 Category 2 Category 3
Exterior Interior Interior Interior Interior Interior Interior
design design design design design design design
temperature | temperature relative temperature relative temperature relative
acc. Table 1 humidity humidity humidity
°C °C % °C % °C %
28 25 69 26 65 28 73
32 26 65 27 61 29 69
33 26 65 27 61 29 69
35 26 65 27 61 29 69
40 27 61 28 58 30 65
45 27 61 28 58 30 65
Table 4 — Interior design temperature for winter
Category 1 Category 2 Category 3
Exterior Interior Interior Interior
design design design design
temperature temperature temperature temperature
acc. Table 2
°C °C °C °C
-40 20 18 10
-30 20 18 10
-25 20 18 10
-20 20 18 15
-10 20 18 15
0 22 20 18
5 22 20 18
6 Interjor temperature-setting (7))
Each vehidle shall be {itted with a regulation system which shall enable the comfort paramefers
specified i the technieal specification to be achieved.
If not specffied in the technical specification or relevant national/regional standard, the recommenided
temperatufe Settings for the selected category of passenger railway vehicles shall be taken ffom
Figure 1 to Figure 3.
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NOTI

[y 8}
P

15

\
1
i
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-40'-10 -5 0

mean exterior temperature, in °C
interior temperature setting, in °C

recommended interior temperature setting curve

E The formula of the recommended interior temperature setting curve is:

~40°C< T, <15°C: T, = 22°C

5

15°C< T, <40°C: T,. = [22 + 5/25 x (T, ,

40°C=<T,,<45°C: T\, =27°C

Figure 1 — Interiop temperature setting curve (category 1)

10 15 20 25 30 35 40 45DT,

- 15)] °¢
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35

30 Crt

25 e

20

15

10—+ ¢
''-10 -5 0 5 10 15 20 25 30 35 40 45 Tem

Key
T, mean ekterior temperature, °C

T;. interioyf temperature setting, °C

C,. recommended interior temperature setting curve

NOTE The formula of the recommended interior temperature setting curve is:
— -40°CgT,,<10°C: T,,=20°C

— 10°Csg|T,,, <40°C: T;. = [20 + 7/30 x (T,,, - 10)] °C

— 40°C<|T,,, <45°C: T,,= 27 °C

Figure 2 — Interior temperature setting curve (category 2)
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NOTI
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vote¢ (PMV), specified in ISO(7730, under the specific boundary conditions used in the cal
desfribed in Annex B.

Thd
but
in5

Duse
be 2
con
con

N
P

15

10__;.",'
-40'°-10 -5 0 5 10 15 20 25 30 35 40 450T,

mean exterior temperature, in °C
interior temperature setting, in °C
recommended interior temperature setting curve

E The formula of the recommended interior temperature setting curve is:
-40°C=<T,,<10°C: T;.=18°C
10°C<T,, <40°C: T;. = [18 + 9/30 x (T, - 10)] °€

40°C=<T,,<45°C: T, =27°C
Figure 3 — Interioptemperature setting curve (category 3)

se recommended interior temperature setting curves correspond to *1 of the predi

interior temperatufe setting only defines the interior temperature that the system tri
does not define the heating or cooling capacity. Capacity is determined based on the de

to the lifnitation of the design cooling or heating capacity, the control setting temperatu
chievéd-under highly demanding exterior/interior conditions, which could also apply to|
ditions. In this case, the deviation between T, and T,. may only be reduced under less

cted mean
culation as

bs to reach
5ign points

re may not
the design
lemanding

ditions.

7

7.1

Thermal comfort parameters

General

The sensation of thermal comfort varies from passenger requirements in different regions and
countries.

©IS
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Unless specified in the technical specification or relevant national/regional standard, the following
should be considered depending on the selected category (see Clause 4):

— interior air temperature in the comfort zone, including
— mean interior temperature range,
— horizontal temperature range, and
— vertical temperature range;

— relative humidityv in the comfort zone:

— surfacg temperature on the comfort envelope;

— air velpcity in the comfort zone;

— interigr temperature in the local annex;

— air quglity, including
— fr¢sh air volume flow rate into the comfort zone,
— particulate filtration of the air, and

— aif transfer between interior zones.
7.2 Interior air temperature in the comfort zone

7.2.1 Magan interior temperature range (difference between T, and T, )

To ensure [an adequate general thermal comfort in~the comfort zones, a mean interior temperature
range between T, and T;. should be specified. Thevalues of Table 5 can be used.

7.2.2 Hdrizontal temperature range (AT})

To ensure gn adequate thermal comfort for all seated and standing passengers in the comfort zongs, a
horizontal temperature range should be specified. The values of Table 5 can be used.

7.2.3 Vertical temperaturexrange (AT,)

To ensure pn adequate thermal comfort for individual seated and standing passengers in the comffort
zones, a veftical tempetature range should be specified. The values of Table 5 can be used.

Table 5 — Values for temperature range

Category 1 Category 2 Category 3
Difference T, to I, Tm=Tlc =LK Im= 1L * 15K lim=Tict 2K
Horizontal Tl range (Ti,max B Ti,min) <2K (Ti,max B Ti,min) <4K (Ti,max B Ti,min) <8K
Vertical Tl range (Ti,max B Ti,min) <3K (Ti,max - Ti,min) <6K (Ti,max ~ Ti,min) <8K
NOTE T, is the local air temperature; T;,, is the mean interior temperature; T, is the interior temperature setting for
comfort zone, in °C.

7.3 Relative humidity in the comfort zone
To avoid excessive humidity, requirements on relative humidity for summer should be specified.

Generally, human beings are most comfortable between 40 % and 60 % relative humidity.
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In railway vehicles, it is not always possible to achieve this range of relative humidity because in winter
there is typically no humidification function and in summer there is typically no active humidity
control.

Mainly at higher interior temperatures higher relative humidity impacts the comfort negatively. The
cooling function normally implies also certain dehumidification at conditions other than the ones used
for design (see Table 3).

If the relative humidity should be reduced further, the performances of this dehumidification function
should be specified in terms of parameters to be achieved. This could have an impact on cooling
capacity, energy consumption and outline dimension of the HVAC unit.

7.4

Gen
and

To
the

Mas
be 1

7.5

Surface temperature on the comfort envelope

erally, the passenger comfort is influenced by the temperature difference between the himan body

surrounding surfaces (e.g. windows, walls, floor or ceiling).

hvoid excessive temperature differences, the requirements for eitherZ/surface tempe
'mal insulation should be specified.

rimum temperature difference between surface temperature andiumean interior temper
pecified, when surface temperature is required.

Air velocity in the comfort zone

gh air velocity is desirable at high temperatures and humidity, while a low air velocity i
w temperatures.

ratures or

ature shall

s desirable

Figlire 4 shows the recommended air velocity range for thermal comfort at local air temperature which
is measured at a given measuring point. Increased air velocity is used to offset the warmth sensation
cauped by increased temperature.
Vi
2,5 /
2 ~\
RR

1,5 AN

o //

Y

/
7
0 | | —r—
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 T,
Key
T; local air temperature (°C)
Rp recommended range
v; local air velocity (m/s)
Figure 4 — Air velocity range
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NOTE

specific boundary conditions used in the calculation as described in Annex C.

7.6 Interior temperature in the local annexes

The recommended air velocity range over 25 °C is derived based on ASHRAE 55-2010 under the

Since passengers stay for short periods of time in a local annex, only temperature recommendations are
specified, depending on the vehicle categories.

The values in Table 6 are recommended for interior temperature in the local annexes.

1 1 ac
€5

area/sinoking area

T.-6K<T, <T.+6K

) Vehicle type
Ldcation
Category 1 Category 2/Category 3
ataheightof 1,1 m at a height of 1;Im
washrjoom/toilet
T.-6K<T,_ <T.+6K T.-6K<T{=T,.+6K
side corridor/telephone ataheightof 1,7 m

im =
ataheightof 1,7 m at'a heightof 1,7 m
<heating> <heating>
vegtibules 10°C<T,<24°C 10°C<Tj,<24°C
<cooling> <cooling>
Tim<35°C Tim<35°C
ataheightof 1,1 m ataheightof 1,1 m
nfirsery
TicSTimSTic"'Ll'K Tic_6KSTimSTic+6K
staff restinlg or desk-work- ataheightof 1,1 m ataheightof 1,1 m
ing conductor's room T.-3K<T_ <EG3K T.-3K<T, <T.+3K
other ktaff areas with caterjngload with catering load
at a heightof 1,7 m ata height of 1,7 m
cateringservice area T, <30°C T,=30°C
NOTE T, ip the mean interior temperaturesinyeach local annex, in °C. T is the interior temperature setting for comffort
zone, in °C.

7.7 Air

uality

7.7.1 Fresh air volume. flow rate into the comfort zone

The valued of Table/7 'are recommended for fresh air volume flow rate. For category 1, this should be

maintained by forced air ventilation only. For category 2 and category 3, this may be maintainec

forced air yentilation or a mixture of forced and natural air ventilation.

| by

Table 7 — Minimum fresh air volume flow rate into the comfort zone

Vehicle type
Category 1 Category 2 Category 3
Minimum fresh air volume flow rate
10 10 8
m3/h/person

It is possible to interrupt the fresh air volume flow for some special operational modes (e.g. pressure
protection device is working). In such cases, the concentration of CO, shall be measured or calculated.

12
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The temporal concentration variation inside the coach is governed by the following differential
equation:

v { J (Cint,t ) :l:[qvf'cext ]_I:qvf'cint,t ] + n'Qp 106

ot 3600 1000-3600
where
Cint’t is the CO, concentration in the coach at time, ¢, in ppm;
Toxt 15 the CO, CONCENtration I the fresh alt; I ppim;
4 is the free volume inside the coach, i.e. the air volume not taken up by the passéngers, in m3;

qvf s the fresh air volume flow rate, in m3/h;
n is the number of persons;

Qp is the quantity of CO, generated by one person, in1/h.

7.7{2 Particulate filtration of the air

The purpose of filtering is to remove particles such as flpating dust from the fresh air pnd/or the
retyirn air.

Theg recommended filter class is coarse 60 % for category 1 and coarse 40 % for category 2 and
cat¢gory 3 according to ISO 16890-1.

7.713  Air transfer between interior zones

Thg HVAC system shall be designed to prevent the transfer of smoke and odours into the corhfort zones
durjng the normal operation. In particalar, this should be applied for catering service areds, smoking
aredgs, toilets and washrooms.

8 |Air movement tests

8.1 General

Air movement in<@)passenger railway vehicle is an essential element of comfort. The tegts shall be
cartied out underthe following conditions when the:

— |vehicle‘is-at zero speed and protected from bad weather;

— |wind'speed is between 0 km/h and 15 km/h;

— exterior temperature is between +15 °C and +30 °C.

8.2 Air volume flow rate

The fresh air volume flow rate should be measured for typical operation modes in accordance with 11.6.
If it is difficult to measure the fresh air volume flow rate, an alternative method should be mutually
agreed by the contracting parties.

It is recommended to measure the air volume flow rate of the exhaust air, the return air and/or the
conditioned air and/or the mixed air, and the internal pressure, as appropriate.

It is recommended to analyse the impact of the train speed on the fresh air volume flow rate by
measurement or calculation.
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8.3 Air velocity

The air velocity in the comfort zone shall be measured. When the distribution of air flows is different in

heating, co

oling or ventilation mode, air velocity shall be measured in each mode.

Unless specified in the technical specification or relevant national/regional standard, itis recommended
to determine the measuring position in accordance with 12.2.5.

The status (operational or not) of the supplementary fan system during the air velocity measurement
shall be indicated in the technical specification.

8.4 Airt

Air transfe
from the c§
operation.

If verificat
the two rel
measuring

9 (Climd

9.1 Gen

There are g
and reliabi

Static testq
wind tunn

ransfer between interior zones

itering service areas, the smoking areas and toilets/washrooms, is prevented during nor

on by air volume flow rate measurement is not applicable, this can be Wisualized betw
ative areas by the movement of smoke generated by a smoke maching;or it can be verifie
the differential pressure.

tic tests

bral

tatic tests and dynamic tests to evaluate function,performance, thermal comfort parame
ity of the HVAC system installed on a passenger railway vehicle.

are performed in a climatic chamber andidynamic tests are performed either in a clim|
] or in the field.

All or single static and dynamic tests may be performed by simulation if the contracting parties agy

It is prefer]
(temperaty

hble to perform tests in a climatic facility that provides and maintains external condit

The test cdnditions should be specifjed in the technical specification including the necessity of the

itself. In tH
of the test
facility and

e absence of any detail the test programme described in 9.3 is recommended. The o}
b is not mandatory-but shall be compatible with the physical characteristic of the clim
the means of measurement.

Should other equipment such as doors, equipment for toilet, power supply, lighting and spe

equipment

need tohetested, these tests shall not interfere with the tests on the HVAC systems.

Air movemfenttests as specified in Clause 8 shall be carried out and verified prior to tests defined in

r shall be verified so that transfer of smoke and odours into the comfort zones, infarticylar,

mal

een
1 by

fers

atic

ce.

ons

re, relative humidity, wind speed and equivalent solar load) within the necessary toleranices.

test
der
atic

cial

9.2.

o :

The follow
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air leakage test of the air distribution system;

and power supply);

operat

14

water tightness test of the vehicle which influences thermal performance;

cooling and heating performance tests of the HVAC unit;

ion of the HVAC system.

functional test of components in the vehicle relevant for the thermal comfort test (e.g. doors, lighting

test of the overall heat transfer coefficient of the vehicle, if measuring for verification is necessary; and

performance test of pre-heating, pre-cooling, the standby mode operation and the degraded mode
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installation of new designed components such as the HVAC unit and/or air ducts.

9.2

9.2.

Type of tests

1 General

The purpose of these tests is to validate:

This climatic test is generally applicable to the type tests of new designed vehicles including

the cooling and heating performance and the thermal comfort in design conditions (full load

cadirl oo

9.2
Thd

3 0
\,Ull\/lll.lullj’
the availability of the cooling and heating functions at the designed extreme conditions;
the thermal comfort under the partload condition;

the level of recovery from temporary variation of mean interior temperature caused
opening at station stops.

2 Design conditions test

recommended test conditions are specified in 9.3. After the setting parameters have 1

Thd
For

If t
tem

If the heating capacity is limited, due\to"a combination of increased T}, and fixed setting of

saff
tem

Thi

For

9.2

Thd
601
tem

se 7.
cooling performance tests should be carried out ifra static condition.

heating performance testing, it is recommended to simulate the maximum operational t

perature difference between T, and T

ty devices, for example, the resultant reduced heating capacity can be used to extrg
perature difference between\7;  and T, at full heating capacity.

5 methodology does not(include any air leakages or other aerodynamic effects.

the duration of thetests, all doors shall be closed.

3 Extremeyconditions test

recommended test conditions are specified in 9.3. Testing should be performed f]
minutes; It is recommended to start the testing at the design conditions and to change t
perattre with a maximum gradient of 3 K/h until the defined extreme conditions are re;

by a door

eached the

stabilised condition (see ISO 19659-1:2017, 3.8.2), the test shall continue for 60 minutes dr for three
simjfilar consecutive control cycles. The results obtained shall satisfy the requirements as 3
Cla

pecified in

Fain speed.

his is not possible, the heating perforniance can be demonstrated by increasing the required

the heater
ipolate the

br at least
he exterior
iched.

For

9.2.

3 1 : £ 1 3311 1 3
LIIC QUT'AdLIOIT O UIC LESLS, 411 HOOTI'S SIIdIl DC C105CU.

4 Regulation test

The recommended test conditions are specified in 9.3.

regulation 1 is for part load cooling;
regulation 2 is for part load cooling — only if humidity control is available;

regulation 3 is for part load heating.

© IS0 2020 - All rights reserved
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Once the parameters have reached a stabilised condition (see ISO 19659-1:2017, 3.8.2), the test shall
be continued at least 60 minutes or three similar consecutive control cycles. The results obtained shall
satisfy the requirements specified in Clause 7.

For the duration of the tests, all doors shall be closed.

9.2.5 Door open/close cycling test
The recommended test conditions are specified in 9.3.

The door cycling time should be specified in the technical specification. However, in the absence of any
detail in thie specification, the following procedures are recommended:

— For category 2 vehicles: 10 operational cycles with a door open time of 30 seconds and ardeor close
time of 5 minutes;

— For category 3 vehicles: 10 operational cycles with a door open time of 20 secondsvand a door close
time of 2 minutes.

The recommended definition of door open time and door close time is shown id Figure 5.
D D

0 | c
« |

door ofjen time: duration from the door opening command until the door closing command

door clpse time: duration from the door closing command until the door opening command

a2 Door fully open.
b Door fully closed.

Figure 5 — Explanation of door open and close times

At the end|of the door cycling test, the'mean interior temperature shall be within the range specified
inZ7.2.1.
Itis suggested that this test shéuld be carried out only for heating after the completion of regulation tept 3.

All doors dn one side of the vehicle are opened and closed and all doors on the other side stay clgsed
during thejtest. This testis not applicable to category 1 vehicles.

9.3 Testprogramme

This subclptise specifies recommended test programmes, which describe the test conditions and
sequences as specified 1n 9.2. FFor all categories, Table 8 and Table 9 give arecommended test programme
for cooling and Table 10 and Table 11 for heating.

For all tests, the interior temperature setting, T, shall comply with the technical specification. In
the absence of any specified value, the recommended interior temperature setting, T;., in Clause 6
should apply.
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Table 8 — Cooling tests for all categories

Climatic chamber Passenger
Lo - Solar load
Test description Tom RH Wind speed load Remark
°C % km/h % %
Design condition Tom1 RH, ., 0to 15 100 100 Full load cooling
Extreme condition Tom2 RH, .- 0to 15 100 100 Function test
Regulation 1 Toms RH, 3 0to15 50 50 Partload cooling
Regulation 2 Tt RH.... 0to15 50 0 Humidity control
e e avaitabig (optional)

NO']

'E The values in this table are defined as follows:

passenger load: 100 % correspond to the value selected in 5.4.1.

solar load: 100 % correspond to the value selected in 5.2.3.

T.m1: €xternal temperature defined for the climatic design condition (refer to 5.2.2).
RH,,;: external relative humidity defined for the climatic design condition (refer to 5:2.2).

T

wm2: extreme external temperature defined in 5.3.

RH,.o: The same absolute humidity value as climatic design condition (7,1 /RH. ) 1s used for this extreme c

ndition test.

em
spe

b, RH, 3, T, and RH, 4 shall be specified in the technical specification. In the absg
rified values, refer to Table 9.

Table 9 — Cooling tests for‘regulation 1 and 2

Climatic
design Toms RH, .3 Toma RH, 4

condition
°C % °C %
TS1 25 60 22 80
TS2 26 55 22 80
TS3 28 70 22 80
TS4 28 70 22 80
TS5 28 70 22 80
TS6 28 70 22 80
TST 28 70 22 80
TS8 28 70 22 80
TS9 28 70 22 80
TS10 28 45 — —
TS11 35 60 28 60

© IS0 2020 - All rights reserved
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Table 10 — Heating tests for all categories

Climatic chamber2 Passenger
L - Solar load
Test description Tom RH Wind speed load Remark
°C % km/h % %
. . Maximum .
Design condition Toms — speed 0 0 Full load heating
Extreme condition T 0te 15 Q Q Function fnctl
Regulatfon 3 Tom7 — 0to15 0 0 Partload heatilllg
. Door open/cloge
Door oper}/close Tom7 0to15 0 0 cyclind test

e

— em6- ex

a2 Regardipg the “maximum speed”, refer to 9.2.2.

NOTE The Yalues in this table are defined as follows:

reme external temperature defined in 5.3.

— Toms: ex]ernal temperature defined for the climatic design condition (refer to 5.2.2);

T, .7 shall be specified in the technical specification. In the absence of@ny specified value, refer to

Table 11.

Door open/fclose cycling test is not applicable to category 1 vehicles.

Table 11 — Heating tests for régulation 3

Climatic design condition

Tem7
°C

TW1

TW2

TW3

TW4

TWS5

TW6

nnjo|loc|oc|o|o

TW7

10 Charajcteristics‘of the test facility and equipment

10.1 General

The test facility and equipment should be capable of providing and maintaining the temperatpre,

relative humidity, occupation, wind speed (if required) and equivalent solar Ioad within the necessary
tolerances. These tolerances should be specified in the technical specification. In the absence of any
detail in the specification, the following subclauses, 10.2 to 10.6 are recommended to apply.

10.2 Exterior temperature

Variation of the mean exterior temperature during the test is preferable within +1 K. The exterior
temperature distribution is preferable within +3 K.

10.3 Relative humidity

Variation of the relative humidity during cooling tests is preferable within 5 %.

18
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10.4 Occupation

Appropriately sized heating and humidity generating equipment should be provided and evenly
distributed inside the car to simulate the latent and sensible heat loads. The tolerance for each heat load
during the test is preferable within =5 %.

There shall be no direct influence of the latent and sensible heat loads on the measuring sensors.

10.5 Wind speed (if required)

alised. The

d speed stability during the test is preferable within +1 m/s.

10.6 Equivalent solar load

Equivalent solar load is simulated by the lamps outside the vehicle or by the elé€tric heater$ inside the
vehjicle which give an equivalent solar load. Variation of overall equivalent solar load during the test is
preferable within +5 %.

In ¢ase lamps are used for simulating the solar load, the characteristics of the lamps shall follow
Table 12, which is in accordance with the definition of CIE 85 for theé‘terrestrial radiation.

Table 12 — Solar lamp chardcteristics

wavelengen | Toalradiaton ompareiitt T owaie variafo
nm % %
280 to 400 6,1 +3
400 to 800 51,8 +5
800to 3000 42,1 +5

11|Recording and measuring-instruments

11.1 General

Recprding and measuring.instruments should be specified in the technical specification. Alllmeasuring
insfruments shall be ‘ealibrated at a regular interval. In the absence of any detail in the spgcification,
thelfollowing subelauses, 11.2 to 11.9 are recommended to apply.

11.2 Recording

A computér-based data acquisition system with sufficient input channels to record the required data
is recommended and the recording should be continuous, with a minimum base sampling fate of one
medsurenrent per minute foratt vatues Tecorded:

Data files should be easily exportable to common spreadsheet programmes.

11.3 Temperature

The temperature range of the measuring instruments should comply with ISO 7726:1998, Table 2. Care
should be taken to prevent the probe from being subjected to solar radiation or neighbouring heat
sources.
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11.4 Relative humidity

The measuring instruments used should be comparable to the requirements for partial water vapour
pressure Class C of ISO 7726:1998, Table 2.

11.5 Air velocity

The measu

ring instruments used should be Class C of ISO 7726:1998, Table 2.

11.6 Air volume flow rate

The measufrement of the air volume flow rate should be achieved by a calibrated system of measurenlent
within a mnimum accuracy of 10 %.

NOTE

At the sa
volume flo

11.7 Win

The measy
measurem

11.8 Equ

It is not necessary to carry out a continuous recording of these measurements.

e time, the exterior temperature and the barometric pressure should belrecorded. The
v rate shall be measured with fan operation only.

d speed (if required)

rement of the wind speed around the vehicle should be achieved by a calibrated syster
bnt within @ minimum accuracy of £1 m/s.

valent solar load (if required)

air

n of

The measyirement of the equivalent solar energy should 'be achieved by a calibrated systenp of

measurem
pyranomet

11.9 Enel

ent. If lamps are used for simulating the solar load, the calibration should be done wi
er, First Class, according to ISO 9060.

"gy consumption and power rating

The measurements should be carried out within an accuracy of 2,5 %.

12 Posit

12.1 Gen

For verific
and points

In the absg
applied.

on of measuring peints

bral

htion of the pérformance of the HVAC system for thermal comfort, the measuring posit
should be spécified in the technical specification.

bnce ofzany requirements in the technical specification, subclauses 12.2 to 12.4 shoulc

th a

ons

| be

12.2 Position of sensors in the passenger railway vehicle

12.2.1 General

The measu

20

ring position should be taken from above floor level at:

0,1 m (foot height);
1,1 m (sitting passenger at head height); and

1,7 m (standing passenger at head height).
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12.2.2 Interior air temperature

To obtain the mean interior temperature, the measurement should be taken by evenly distributed
temperature sensors at the height of 1,1 m above floor level. The recommended minimum number of
sensors at this height is eight per vehicle.

To obtain the horizontal temperature range, the same sensors shall be used.

To obtain the vertical temperature range, the range shall be measured at three evenly distributed
positions. At each position, the interior air temperature shall be measured at 0,1 m, 1,1 m and 1,7 m
above floor level.

12.2.3 Relative humidity

Relative humidity shall be measured at least one point, situated in the middle ofthe”vehidle at 1,1 m
aboye floor level.

12.2.4 Surface temperature

There shall be at least two sensors per side wall, floor and ceiling at repsesentative positiong.

12.2.5 Air velocity

The local air velocity shall be measured at 1,1 m above flooflevel for category 1 and at 1,1 np and 1,7 m
aboye floor level for category 2 and category 3, as used for:the vertical temperature range.

12.2.6 Interior temperature in the local annex

Thg measuring position of the temperature in_the local annex is placed geometrically at the centre of
thefannex. Heights are given in Table 6.

12.3 Position of sensors in the test facility

12.8.1 General

Thg measuring positions should be at representative positions in the test facility.

12.8.2 Exterior air téemperature

To ¢btain the medn exterior temperature, a minimum of two air temperature sensors per vghicle shall
be tfaken into acCount.

In gddition;-at least one air temperature sensor shall be placed at one representative fresh|air inlet of
the [vehicle:

12.3.3 Relative humidity

In combination with every air temperature sensor located at a fresh air inlet, the relative humidity shall
be measured at the same position.

12.3.4 Wind speed (if required)

The wind speed shall be measured at the geometric centre of the vehicle side wall at the distance of at
least 0,1 m from the side wall.
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12.3.5 Eq

uivalent solar load (if required)

The sensor for the equivalent solar load measurement should be placed directly on the sunny side wall
of the vehicle.

12.4 Position of sensors for testing where no test facility exists

12.4.1 Ge

neral

The measuring positions should be at representative positions close to the vehicle.

12.4.2 Ex

To obtain
be taken in

In addition)

12.4.3 Re|

In combin
humidity s

12.4.4 Wi

The wind s
least 0,1 m)|
of wind sp

12.4.5 So

The sensot
the vehicle

ferior air temperature

he mean exterior temperature, a minimum of two air temperature sensors perveHicle s
to account.

at least one air temperature sensor shall be placed at a representative plaee of the vehid

Jative humidity

hall be measured at the same position.

nd speed

peed shall be measured at the geometric centre ofthe vehicle side wall at the distance

bed.

ar load (if required)

s for the solar load measurement-shadll be placed directly on the sunny side wall and ro

hall

le.

htion with every air temperature sensor located at a repreSentative place, the relafive

f at

from the side wall. However, the vehicle speed mray be used to substitute the measurenpent

f of
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Annex A
(informative)

Example of exterior design temperature and corresponding
relative humidity

A.]I General

Extprior design parameters required in the relevant Japanese standard (JIS), Chinese stapdard (GB)
and European standard (EN), and exterior design parameters recommended inthe relevant ASHRAE
Guifleline are provided as a reference.

A.Z Japanese standard: JISE 6603

Codling: 33 °C/69 %RH
Hedting: 0°C/65 %RH

A.3 Chinese standards: GB/T 33193.1

Codling:  Zone I: 40 °C/46 %RH
Zone II: 35 °C/60 %RH
Zone III: 28 °C/50 %RH
Hegting:  ZoneI: =10 °C

Zone II: =25 °C

Zone III: -40™°C

A.4 Europeantstandards: EN 13129, EN 14750

Codling: Zone I: 40 °C/40 %RH
Zone II: 35 °C/50 %RH

Zone 11I: 28°C/45 %RH
Heating:  Zonel: -10 °C
Zone II: =20 °C

Zone III: =40 °C
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A.5 ASHRAE Guideline 23-2016

A.5.1 Cooling

ASHRAE 0,4 %, 1,0 %, and 2,0 % cooling dry-bulb temperature/mean coincident wet-bulb temperature
data are typically used to determine the required cooling capacity of rail HVAC equipment. Unless
otherwise indicated in the project technical specification, the value of 0,4 % data is recommended.

A.5.2 Heating

UnleSS Ot}nn"y:nn dadicatrad 0+l it pachnioa]l oo ificatrin ACIHID AL 00£ 0L bhaoting

eFWASe—Hatcate a—H—tRe—Pproject—te e tar—Specicatot— o Yo—eatih Lry-
PtV |34 g [)

bulb tempe¢rature data is recommended for determining the required heating capac1ty of the\HVAC
equipment
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