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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
TUMBLE DRYERS FOR COMMERCIAL USE –  

METHODS FOR MEASURING  THE PERFORMANCE 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ i zation  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ica l  commi ttees  ( I EC National  Commi ttees).  The  object  of I EC i s  to  promote 
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC  publ i shes  I n ternational  S tandards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC National  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti ci pate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard i zation  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or agreements  of I EC on  techn ical  matters  express,  as  nearl y  as  poss ible,  an  i n ternati ona l  
consensus  of opi n ion  on  the  re l evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  al l  
i n terested  I EC National  Comm ittees.  

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC Nati ona l  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC 
Publ i cations  i s  accu rate,  I EC  cannot be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  possib le  i n  thei r national  and  reg i onal  publ i cations.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent  certi fi cati on  bod ies  provide  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es.  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  National  Comm i ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or rel i ance  upon ,  th i s  I EC  Publ i cation  or any other I EC  
Publ i cations.  

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  pub l i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

A PAS is  an  i n termed iate  speci fication  not fu l fi l l i n g  the  requ i rements  for a  standard ,  bu t made 
avai l ab le  to  the  publ ic.  

I EC PAS 631 24  has  been  processed  by subcommittee  59D:  Performance of household  and  
s im i lar e lectrical  l aundry appl i ances ,  of I EC  techn ica l  committee  59:  Performance of 
household  and  s im i l ar e lectrica l  appl i ances.  

The  text  of th i s  PAS  i s  based  on  the  
fol l owing  document:  

Th i s  PAS  was  approved  for 
publ i cation  by the  P-members  of the  
comm i ttee  concerned  as  i nd icated  i n  

the  fol l owi ng  document 

Draft PAS  Report on  voting  

59D/447/DPAS  59D/451 /RVDPAS  

 
Fol lowing  publ ication  of th is  PAS,  wh ich  is  a  pre-standard  publ ication ,  the  techn ical  comm ittee  
or subcommittee  concerned  may transform  i t  i n to  an  I n ternational  Standard .  
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Th is  document i s  based  on  CLC/TS  50594:201 5.  

Th is  PAS shal l  remain  val i d  for an  i n i ti a l  maximum  period  of 2  years  starti ng  from  the 
publ ication  date.  The  val i d i ty may be  extended  for a  s ing le  period  up  to  a  maximum  of 
2  years,  at  the  end  of wh ich  i t  shal l  be  publ ished  as  another type  of normative  document,  or 
shal l  be  wi thdrawn .  

 

IMPORTANT – The 'colour inside'  logo on  the  cover page of th is  publ ication  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct  
understand ing  of i ts  contents.  Users  shou ld  therefore  prin t  th is  document using  a  
colour printer.  
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TUMBLE DRYERS FOR COMMERCIAL USE –  
METHODS FOR MEASURING  THE PERFORMANCE 

 
 
 

1  Scope 

This  PAS is  appl icable  to  tumble  d ryers  for commercia l  use  of the  automatic  and  non-
automatic  type,  incorporati ng  an  e lectric or steam  heating  device.  I t  a l so  i ncludes  tumble  
dryers  wh ich  use  gas  as  a  heating  source  wi th  a  reference to  appropriate  EN  gas  standards.  

The  object i s  to  state  and  define  the  principa l  performance characteristics  of tumble  dryers  
for commercial  use  of i n terest to  users  and  to  describe  s tandard  methods  for measuring  these  
characteristics.  

NOTE  I t  does  not  appl y to  transfer tumble  dryers  or d ryers  wi th  au tomatic  l oad i ng  and  u n l oad i ng .  

2  Normative references  

The fol l owing  documents  are  referred  to  i n  the  text in  such  a  way that some or a l l  of thei r 
con ten t consti tu tes  requ irements  of th is  document.  For dated  references,  on l y the  ed i ti on  
ci ted  appl i es.  For undated  references,  the  latest ed i tion  of the  referenced  document ( i nclud ing  
any amendments)  appl i es.  

EN  1 2953-1 0,  Shell boilers – Part 10:  Requirements for feedwater and boiler water quality  

EN  50570: 201 3,  Household and similar electrical appliances – Safety – Particular 
requirements for commercial electric tumble dryers  

CLC/TS  50640:201 5,  Clothes washing machines for commercial use – Methods for measuring 
the performance  

EN  60456: 201 1 ,  Clothes washing machines for household use – Methods for measuring the 
performance  ( I EC 60456: 201 0,  mod i fied )  

EN  60734,  Household electrical appliances – Performance – Water for testing  ( I EC 60734)  

EN  62053-21 ,  Electricity metering equipment (a. c. )  – Particular requirements – Part 21 : Static 
meters for active energy (classes 1  and 2)  ( I EC 62053-21 )  

ISO 80000-1 : 2009,  Quantities and units – Part 1 :  General  

3 Terms,  defin i tions  and  symbols  

3. 1  Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol l owing  terms  and  defin i ti ons  apply.  

3. 1 . 1   
tumble  dryer 
appl iance  in  wh ich  texti l es  are  d ried  by tumbl ing  i n  a  rotating  d rum ,  th rough  wh ich  ai r i s  
passed  
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3. 1 .2   
ai r vented  tumble  dryer 
tumble  d ryer  that d raws  in  fresh  a i r wh ich  is  passed  over the  texti l es  and  where  the  resu l ti ng  

moist a i r i s  exhausted  in to  the  room  or vented  outside  

3. 1 .3   
condenser tumble  d ryer 
tumble  dryer  wh ich  i ncludes  a  device  for removing  moisture  from  the  a i r used  for the  d rying  

process  

3. 1 .4   
au tomatic tumble  d ryer 
tumble  dryer  wh ich  swi tches  off the  d rying  process  when  a  certa in  moisture content  of the  

l oad  i s  reached  

Note  1  to  en try:  Th i s  may i ncl ude  systems  that  use  conducti vi ty or temperatu re  sensi ng .  

3. 1 .5   
non-automatic  tumble  dryer 
tumble  dryer  wh ich  does  not swi tch  off the  d rying  process  when  a  certa in  moisture content  

of the  l oad  i s  reached ,  usual l y control l ed  by a  timer,  bu t may a lso  be  con trol l ed  manual l y  

3. 1 .6   
transfer tumble  d ryer 
tumble  d ryer  wi th  au tomatic  l oad ing  and  un load ing  via  conveyers  or by other means  

Note  1  to  en try:  The  l oad i ng  and  un load i ng  conveyers  are  often  l ocated  on  opposi te  s i des  of the  d ryi ng  basket.  

3. 1 .7   
test load  

texti l e  l oad  used  for testi ng  

3. 1 .8   
pre-treatment  
processing  of a  new test load  prior to  i ts  fi rst use  to  avoid  rapid  changes  of characteristics  
during  the  tests  

3. 1 .9   
cond i tion ing  
bring ing  the  test load  i n to  thermodynam ic equ i l i brium  wi th  the  defined  ambient a i r cond i ti ons  

of temperature  and  hum id i ty 

Note  1  to  en try:  The  process  of condi tion ing  i s  not  the  same as  ‘wetti ng ’  wh ich  i s  descri bed  i n  6 . 6. 7 .  

3. 1 . 1 0   
test run  

sing le  performance assessment  

3. 1 . 1 1   
test series  
group of test runs  on  a  tumble  dryer  wh ich ,  col l ecti vel y,  are  used  to  assess  the  performance 
of that tumble  d ryer  

3. 1 . 1 2   
operation  
performance  of a  function  that occurs  during  the  tumble  d ryer  d rying  process  such  as  heating  

up,  d rying ,  cool i ng ,  an ti -creasing  
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3. 1 . 1 3   
programme 
series  of operations  wh ich  are  pre-defined  wi th in  the  tumble  dryer  and  wh ich  are  declared  

by the  manufacturer as  su i table  for d rying  certain  types  of texti l es  

3. 1 . 1 4   
end  of the  programme 
moment i n  time when  the  tumble  dryer  i nd icates  the  programme  i s  complete  and  the  l oad  i s  

access ib le  to  the  user 

3. 1 . 1 5   
programme time  
period  of time  from  the  i n i ti ation  of the  programme  (exclud ing  any user programmed  delay)  
un ti l  the  end  of the  programme  

3. 1 . 1 6   
cycle  
complete  d rying  process,  as  defined  by the  selected  programme ,  consisti ng  of a  series  of 
operations  i ncl ud ing  any operations  that occur after the  end  of the  programme  

Note  1  to  en try:  Examples  of operations  that  may occur after the  completion  of the  programme  are  mon i tori ng  
and  an ti -creasi ng  operations  (where  appl i cabl e).  

3. 1 . 1 7   
cycle  time  
period  of t ime from  the  i n i ti ation  of the  programme  (exclud ing  any user programmed  delay)  

un ti l  a l l  acti vi ty ceases  

Note  1  to  en try:  Acti vi ty i s  cons idered  to  have  ceased  when  the  power consumption  reverts  to  a  s teady state  
cond i ti on  that  pers i sts  i ndefi n i tel y wi thout  user i n terven ti on .  I f there  i s  no  acti vi ty after the  end  of the  programme ,  
the  cycle  time  i s  equa l  to  the  programme time .  

Note  2  to  en try:  Cycle  time  i ncl udes  any acti vi ty that  may occur for a  l im i ted  peri od  after the  end  of the  
programme .  Any cycl i c  event  that  occurs  i n defi n i te l y i s  consi dered  to  be  s teady-state.  

3. 1 . 1 8   
normal ization  
processing  of a  test load  after a  pre-determ ined  number of cycles  to  bring  the  test l oad  to  a  
normal  s tate  prior to  testi ng  

3. 1 . 1 9   
rated  capacity 
maximum  mass  i n  ki lograms  of d ry texti l es  of a  particu lar defined  type,  wh ich  the  
manufacturer declares  can  be  treated  i n  a  speci fic  programme  

3. 1 .20   
test load  mass  
actual  mass  of the  test  l oad  

3. 1 .21   
cond itioned  test load  mass  
mass  of the  test  l oad  when  cond i ti oned  to  correct hum id i ty and  temperature  defined  i n  5 . 2 . 3 . 2  

3. 1 .22   
nominal  test load  mass  
mass  of d ry texti l es  of a  particu lar type  for wh ich  the  performance of the  tumble  d ryer  wi l l  be  
tested  (rated  capaci ty  or part  load)  

Note  1  to  en try:  Target val ue  toward  wh ich  the  condi tioned  test l oad  mass  wi l l  be  ad j usted .  
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[SOURCE:  EN  61 1 21 : 201 3,  3. 1 . 20,  mod i fied  – The  second  part of the  defin i tion  has  been  
tu rned  in to  the  present Note  1  to  entry. ]  

3. 1 .23   
moisture content  
ratio  of the  d i fference  between  test load  mass  and  the  cond i tioned  test  load  mass  to  the  
cond itioned  test load  mass  expressed  i n  percen t  

3. 1 .24   
in i tial  moisture  content  
moisture content  of a  test load  pri or to  a  test run  

3. 1 .25   
final  moisture  content  
moisture  content  of a  test load  a t  the  end  of a  test run  

3. 1 .26   
rated  vol tage  

vol tage  ass igned  to  the  appl i ance  by the  manufacturer 

3.2  List  of symbols  

The symbols  are  l i s ted  i n  Table  1 .  

Table  1  – List of symbols  

Symbol  Un i t  Defin i tion  

a  -  constan t part  of the  regression  l i ne  

b  -  s l ope  part  of the  reg ress ion  l i ne  

C % ari thmetical  average  of the  condensati on  effi ciency of a l l  val i d  test runs  

C
j
 % condensation  effi ciency for test run  j  

d Kg/l  dens i ty of water 

E kWh  ari thmetical  average  of the  corrected  energy consumption  of a l l  va l i d  test runs  

Ec kg /m in  evaporati on  capaci ty 

E
j
 kWh  corrected  total  energy  consumption  for test run  j  

E
mj
 kWh  measured  total  energy  consumption  for test run  j  

E
e j
 kWh  measured  el ectric  energy consumption  for test run  j  

E
s j
 kWh  measured  steam  energy consumption  for test run  j  

E
g j
 kWh  measured  gas  energy consumption  for test run  j  

E
s
 kWh/kg  speci fi c  corrected  energy consumption  

F m 3/m in  vol umetri c  fl ow rate  

j  -  test run  n umber 

L l   Ari thmetical  average  of the  corrected  water consumption  of a l l  va l i d  test 
runs  

L
j
 l   Corrected  water consumption  for test run  j  

L
mj
 l   Measured  water consumption  for test run  j  

L
s
 l /kg   Speci fi c  water consumption  

n  -  number of test runs  

p  Pa  stati c  pressure  

S -  s tandard  deviation  of measured  resu l ts  
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Symbol  Un i t  Defin i tion  

S
b
 -  s tandard  deviation  of the  measured  final  moisture  content  for a l l  val i d  test runs  

T min  ari thmetical  average  of the  corrected  programme time  of a l l  val i d  test runs  

T
s
 m i n /kg  speci fi c  corrected  programme time  

T
j
 m i n  corrected  programme time  for test  run  j  

T
mj
 m i n  measured  programme time  for test  run  j  

V
c
 l  cl othes  con tai ner vol ume  

V m 3  exhaust a i r vol ume  

W g  rated  capaci ty  for the  type  of l oad  tested  

W
0
 g  mass  of the  cond i ti oned  test l oad  

W
f
 g  mass  of the  test load  after d ryi ng  

W
fj
 g  mass  of the  test load  a fter d ryi ng  for test run  j  

W
i
 g  mass  of the  test load  after wetti ng  

W
w
 g  mass  of water col l ected  

W
wj
 g  mass of water col l ected  du ri ng  test run  j  

W
S
 kg  mass  of the  smal l  sheet i n  a  test load  

W
M
 kg  mass  of the  med ium  sheet i n  a  test l oad  

W
L
 kg  mass  of the  l arge  sheet i n  a  test load  

W
T
 kg  des i red  masst of the  test  l oad  

x
i
 -  i-th  term  of parameter  x  

ix   

-  mean  of a l l  terms  of parameter x  

X
S
  n umber of smal l  sheets  i n  a  test l oad  

X
M
  n umber of med ium  sheets  i n  a  test l oad  

X
L
  n umber of l arge  sheets  i n  a  test l oad  

Y -  performance  parameter (energy consumption  or programme time)  

μ  % average  measured  final  moisture  con ten t  for a  test l oad  

μ
f0
 %  target  final  moistu re  content  

μ
fj
 %  measured  final  moisture  con tent  after  test run  j  

μ
i j
 %  measured  i n i ti al  moisture  con ten t  for test run  j  

μ
i 0
 %  nom inal  i n i tial  moisture  content  

 

4 Requirements  

4.1  General  

This  PAS does  not speci fy m in imum  performance  requ i rements  for tumble  d ryers .  Th is  PAS  
does  however set methods  for the  measurement of fo l lowing  performance parameters:  

•  e lectric energy consumption ;  

•  s team  energy consumption ;  

•  gas  energy consumption ;  

•  water consumption ;  

•  programme  t ime;  

•  condensation  efficiency;  
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•  d rying  temperature  of the  texti l es;  

•  vo lumetric  fl ow rate  of exhaust a i r.  

Any cla ims  of performance referring  to  th is  PAS  for these  parameters  shal l  be  measured  i n  
accordance wi th  the  requ i rements  of th is  PAS.  Any cla ims  of performance referring  to  th is  
document at other than  rated  capacity  shal l  be  qual i fied  wi th  l oad  type  and  capaci ty used  for 

the  test (refer to  C lause  7  for detai ls) .  

4.2  Rated  capacity 

The manufacturer or suppl ier shal l  declare  the  rated  capacity  at  0 , 5  kg  i n tervals  for each  
re levant texti l e  type  up  to  a  rated  capacity  of 1 0  kg .  For capaci ti es  l arger than  1 0  kg  the  
suppl ier may declare  the  rated  capacity  at  1  kg  i n tervals .  Relevan t texti l e  types  are  cotton  

and  syn thetic/blends .  

The  rated  capaci ty  for any texti l e  type  shal l  not exceed  the  maximum  mass  of d ry l aundry,  i n  
ki lograms,  to  be  used  i n  the  appl iance  i n  accordance wi th  EN  50570: 201 3,  3. 1 . 9 .  

I f the  rated  capaci ty  i s  not declared  by the  manufacturer,  the  rated  capacity  shal l  be  

deduced  from  the  clothes  conta iner volume (see  4. 3)  as  described  i n  Annex  E .  

Where  the  manufacturer g i ves  a  range  of values  for the  rated  capacity  for a  particu lar texti l e  

type,  the  maximum  value  shal l  be  used .  

For d i fferen t texti l es  the  rated  capaci ty  of an  appl i ance  may be  d i fferent.  

4.3  Dimensions  

Where  a  manufacturer declares  d imensions,  these  shal l  be  i n  accordance  wi th  the  fo l lowing  
requ irements ,  as  appl icable.  The  d imensions  shal l  be  g i ven  in  mm  and  shal l  be  rounded  up  to  
the  nearest h igher m i l l imetre.  

•  Heigh t =  vertical  d imension  measured  from  the  lower edge  (on  the  fl oor)  to  the  upper edge  
of the  top,  wi th  the  door/l id  closed :  i f ad j ustable  l evel l i ng  feet are  provided ,  they shal l  be  
moved  to  determ ine  maximum  possible  heigh t.  

•  Max heigh t =  maximum  vertical  d imension  measured  from  the  lower edge  (on  the  fl oor)  to  
a  horizon tal  p lane  at the  maximum  height of the  tumble  dryer  wi th  the  door/l id  open :  i f 
ad j ustable  l evel l i ng  feet are  provided ,  they shal l  be  moved  up  and  down  to  determ ine  
m in imum  and  maximum  poss ib le  he igh ts.  

•  W id th  =  horizon tal  d imension ,  between  the  s ides,  as  measured  between  two paral l e l  
vertical  p lanes  against the  s ides  of the  tumble  d ryer,  i ncl ud ing  a l l  projections.  

•  Depth  =  hori zon tal  d imension  as  measured  from  a  vertical  rear plane  against the  tumble  
dryer  and  the  most prom inent part of the  front,  knobs  and  hand les  not being  taken  i n to  
account,  wi th  the  door/l i d  cl osed ,  i nclud ing  a l l  proj ections.  

•  Max depth  =  hori zon tal  dimension  as  measured  from  a  vertical  rear p lane  against  the  
tumble  dryer  and  the  most prom inent part of the  fron t knobs  and  hand les  not being  taken  
i n to  account,  wi th  the  door/l i d  open  (general l y when  at righ t ang les  to  the  mach ine  fron t),  
i ncl ud ing  a l l  projections.  

•  Cl othes  con tainer volume  =  the  volume of the  conta iner in  wh ich  texti les  are  p laced ,  where  
requ ired ,  shal l  be  determ ined  i n  accordance wi th  Annex E .  

5 Test condi tions,  materials,  equipment and  i nstrumentation  

5.1  General  

The tolerances  speci fi ed  for parameters  wi th in  th is  PAS,  us ing  the  symbol  ‘  ±  ’ ,  i n d icate  the  
a l l owable  l im i ts  of variation  from  the  speci fi ed  parameter ou tside  wh ich  the  test or resu l ts  
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shal l  be  i nval id .  The  statement of to lerance does  not perm i t the  de l iberate  variation  of these  
speci fied  parameters .  

5.2  Ambient conditions  

5.2. 1  Electrici ty supply 

The suppl y vol tage  at the  power outlet to  each  tumble  dryer  shal l  be  maintained  at the  rated  
vol tage  ±  2  %  throughou t the  test.  I f a  vol tage  range  i s  i nd icated ,  then  the  supply vol tage  
shal l  be  the  nom inal  vol tage  of the  country i n  wh ich  the  appl i ance  is  i n tended  to  be  used .  

The  suppl y frequency to  each  tumble  dryer  shal l  be  main tained  at the  rated  frequency ±  1  %  
throughou t the  test.  

The  measured  vol tage  and  frequency of the  power suppl y used  during  testing  shal l  be  
reported .  

Vol tage  s tabi l i zers  shou ld  be  des igned  such  that  the  normal  operation  of the  tumble  d ryer 
does  not cause  undue  d i stortion  of the  vol tage  waveform .  

5.2.2  Water supply 

5.2.2 .1  General  

Th is  section  describes  the  speci fications  for water to  be  used  for preparing  test loads ,  
wetti ng  test  l oads  and  for water used  as  cool i ng  fl u id .  

I n  a l l  cases  the  water suppl y shal l  meet the  requ irements  g i ven  i n  5. 2. 2 . 2 .  Water used  for 
normal i zi ng  test  loads  and  wetting  test loads  shal l  meet the  requ i rements  of 5. 2 . 2 . 2  and  

5. 2 . 2 . 3 .  

Water used  for wetti ng  test loads  for testing  conductivi ty con trol l ed  automatic tumble  dryers  
shal l  meet the  requ i rements  of 5. 2 . 2 . 2,  5 . 2 . 2. 3  and ,  5 . 2. 2 . 4.  

The  performance  of a  d ryer may d i ffer when  water of d i fferen t qual i ty i s  used  to  wet  the  test 
load .  

5.2.2 .2  Water temperature  and  pressure  

The  temperature  of the  cold  water suppl y shal l  be  (1 5  ±  2)  °C.  

The  pressure  of the  water suppl y during  water i n take  at the  appl iance  water i n let sha l l  be  
maintained  at (240  ±  50)  kPa.  

The  measured  water temperature  and  pressure  shal l  be  reported .  

5.2.2 .3  Water hardness  

Standard  soft water wi th  a  tota l  hardness  of (0, 5  ±  0 , 2)  mmol /l  shal l  be  used  for a l l  procedures  
wi th in  th is  PAS.  I f avai l able,  natural l y occurring  water of the  correct tota l  hardness  may be  
used .  Al ternative l y,  water of the  correct tota l  hardness  shal l  be  prepared  accord ing  to  
EN  60734.  

The  tota l  hardness  of the  water used  shal l  be  reported .  
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5.2.2 .4  Water alkal in i ty and  conductivi ty  

When  testing  conductivi ty con trol led  automatic  tumble  dryers ,  the  characteristics  of the  
water used  for wetting  the  test load  can  have  a  l arge  in fluence on  the  test resu l ts.  The  water 

characteristics  are  defined  i n  terms  of hardness,  a l kal i n i ty and  conductivi ty.  

For the  purpose  of testing  automatic tumble  d ryers  the  water for wetting  the  test l oad  shal l  
have  the  characteristics  of water prepared  accord ing  to  Method  B  of EN  60734.  

I f water characteristics  need  to  be  ad justed ,  Method  B  or Method  C3  of EN  60734  shal l  be  
fol l owed .  

I f appl icable  the  pH ,  a lkal in i ty and  conductivi ty of the  water used  shal l  be  reported .  

5.2.3  Ambient temperature and  humidi ty 

5.2.3.1  Ambient temperature and  relative humid i ty for tumble  dryer testing  

The ambient temperature  of the  test room  shal l  be  (23  ±  2)  °C  at the  start of the  d rying  test.  
The  temperature  shal l  not rise  more  than  4  K during  the  test run .  The  measured  ambien t 
temperature  for tumble  d rying  testing  shal l  be  reported .  I t  shal l  be  rounded  to  the  nearest 
0, 5  °C.  The  maximum  and  m in imum  temperature  during  the  test run  shal l  be  recorded .  The 
measurement location  shal l  be  in  the  vicin i ty of the  a i r i n take.  

The  ambien t relative  hum id i ty of the  test room  shal l  be  mainta ined  at (55  ±  1 0)  %  throughout 
the  tumble  dryer  test.  The  ambient re lati ve  hum id i ty shal l  be  measured  i n  the  vi cin i ty of the 
tumble  d ryer  be ing  tested .  The  maximum  and  m in imum  measured  ambient relative  hum id i ty 
for tumble  dryer  testing  shal l  be  reported  rounded  to  the  nearest  whole  percen tage.  

Care  shou ld  be  taken  to  ensure  that the  ambien t temperature  and  relati ve  hum id i ty are  not  
i n fl uenced  by the  appl i ance  i tse l f or other appl iances  i n  the  l aboratory.  

5.2.3.2  Ambient temperature and  ambient relative humid i ty for condition ing  of test  
load  i tems  

Where an  ambien t control led  room  or chamber i s  used  for condi tion ing  the  test load ,  the  

fol l owing  cond i tions  shal l  be  main tained :  

•  ambien t temperature:  (20  ±  2)  °C;  

•  ambien t re lati ve  hum id i ty:  (65  ±  5)  % .  

The  measured  ambien t temperature  and  re lati ve  hum id i ty for cond ition ing  test  load  i tems 
shal l  be  reported .  The  ambien t temperature  shal l  be  rounded  to  the  nearest 0 , 5  °C,  the  
ambien t re lati ve  hum id i ty shal l  be  rounded  to  the  nearest whole  percentage.  

NOTE  Requ i rements  for condi tion ing  the  test load  a re  speci fi ed  i n  6 . 6 . 5. 2 .  

5.3  Test materials  

5.3. 1  General  

This  section  sets  ou t the  speci fications  for test materia ls  requ i red  for tumble  dryer  testing  to  
th is  PAS,  i nclud ing  test  loads  and  detergent.  

NOTE  Su i tabl e  sou rces  of test  material s  are  g i ven  i n  A. 6.  

5.3.2  Test load  

The test load  shal l  cons ist of smal l ,  med ium  and  l arge  sheets  as  speci fied  i n  A. 2 .  
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5.3.3  Detergent  

The speci fication  for the  EN  60456  reference detergent A*  base  powder as  defined  i n  A. 1 .  
Detergent dosage is  speci fi ed  i n  6. 6. 4 . 2 .  

5.4 Equ ipment  

5.4. 1  Equ ipment for normal ization  

The  speci fication  for a  wash ing  mach ine  wh ich  i s  used  for the  normal ization  of test loads  i s  

defined  i n  A.7 .  

5.4.2  Equ ipment for cond ition ing  the test load  

This  PAS requ i res  test load  i tems  to  be  treated  i n  a  control led  manner prior to  the ir use  i n  
performance tests  i n  order to  determ ine  thei r mass  under s tandard ized  ambient cond i tions.  
The  a l ternative  methods  of cond ition ing  the  test load  i tems  are:  

•  Leaving  the  test load  i tems in  a  room  or chamber wi th  a  control led  ambient temperature  
and  hum id i ty (refer to  5 . 2 . 3 . 2)  un ti l  thei r remain ing  moisture content  i s  i n  equ i l ibri um  wi th  
the  ambient  cond i tions.  Refer to  6 . 6 . 5. 2  for detai l s.  

•  Treati ng  the  test load  i tems  in  a  clothes  dryer of speci fied  performance  to  ensure  that the  
test load  i tems  are  i n  a  “bone  dry”  state.  Refer to  6. 6 .5 .3  for detai l s.  A.3  sets  ou t the  
method  and  the  speci fications  for a  tumble  d ryer  wh ich  is  used  for th is  method .  

5.4.3  Equ ipment for wetting  the  test load  prior to  a  test  

Any wash ing  mach ine  may be  used  to  wet the  l oad  prior to  a  test,  provided  i t  has  the  fo l l owing  
features:  

•  a  rated  capacity  wh ich  i s  equal  to  or greater than  the  load  being  wetted ;  

•  at  l east  one  ri nse  operation  wi th  a  duration  of at  l east fi ve  m inu tes;  

•  the  ri nse  shal l  cons ist of a  volume of water i n  l i tres  at l east three  times  the  mass  of the  
test load  i n  ki l ograms;  

•  a  spin  d rying  operation  capable  of ach ieving  the  des ired  in i tial  moisture content .  

5.4.4  Equ ipment for measurement 

This  PAS requ ires  the  measurement of a  range  of parameters  during  testing  of a  tumble  
dryer.  These  parameters  i nclude  the  fo l lowing :  

•  mass;  

•  e lectrica l  parameters  (vol tage,  energy,  power and  frequency);  

•  s team  energy (steam  pressure,  s team  temperature,  steam  flow);  

•  gas  energy (gas  fl ow);  

•  temperature  of water and  a i r;  

•  water pressure;  

•  texti l e  temperature  during  d rying ;  

•  re lati ve  hum id i ty;  

•  tota l  water hardness;  

•  conductivi ty of water (conductivi ty sensing  d ryers  on l y) ;  

•  a lkal i n i ty of water (conductivi ty sensing  d ryers  on ly) ;  

•  t ime.  
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The  speci fications  of i nstruments  used  to  take  the  measurements  for some of these  
parameters  are  expl ici tl y defined  i n  5. 5 .  

NOTE  Severa l  d i fferent  i nstruments  for the  measurement  of mass  are  l i kel y to  be  requ i red  for tasks  such  as  mass  
of l oad  i tems  and  the  whol e  test load  and  mass  of detergent.  

5.5  Instrumentation  and  accuracy 

I nstruments  used  for th is  PAS  shal l  comply wi th  the  speci fications  set ou t  i n  Table  2 .  

Devices  us ing  viscosi ty to  measure  water volume shal l  be  cal ibrated  at the  actual  nom inal  
temperature  ±  5  °C,  and  the  nom inal  fl ow rate.  

Table  2  – Specification  of i nstruments  

Parameter Un i t  Resolu tion  Accuracy Addi tional  requ i rements  

Mass          

Masses  above  50kg  g  50  g  ±1 00  g  -  

Masses  i n  the  range  between  1 0kg  
and  50  kg  

g  1 0  g  ±20  g  -  

Masses  i n  the  range  between  2  kg  
and  1 0  kg  

g  1  g  ±5  g  -  

Masses  i n  the  range  between  1 00  g  
and  2  000  g  

g  0 , 5  g  ±1  g  -  

Masses  i n  the  range  up  to  1 00  g  g  0 , 05  g  ±0, 1  g  -  

Temperature  

Ambien t temperature  

Texti l e  temperature  

Water temperature  

°C  

°C  

°C  

0 , 1  °C  

-  

0 , 1  °C  

±0, 5  K 

-  

±0 , 5  K 

-  

See  spec.  i n  Annex J  

-  

Ambien t humid i ty % (RH )  1  %  (RH )  ±3  %  (RH )  The  speci fi cati ons  shal l  be  
met  over a  temperatu re  
range  of 1 5  °C  to  25  °C  

Water volume  (water i n l et)  l  0 , 1  l  ±2  %  -  

Water pressure  kPa  1 0  kPa  ±5  %    

Time  s  5  s  ±1 0  s  -  

Energy 

Electri cal  energy consumption  

Steam  energy consumption  

Gas  energy consumption  

kWh  

kWh  

kWh  

As  speci fi ed  i n  
EN  62053-21 ,  

Class  1  
i nstrument  
defi n i ti on  

-  

-  

±1  %  

±1  %  

±1  %  

Due  to  d i storti on  of the  
vol tage  and  cu rren t wave  
forms  caused  by i nducti ve  
devices  such  as  motor 

control s ,  speci fi c  
requ i rements  for energy 
meters  are  necessary.  

See  Annex G .  

As  a  recommendation ,  
see  Annex H .  

Hardness  of water mmol /l  As  speci fi ed  i n  EN  60734  

Conductivi ty of water µS/cm  As  speci fi ed  i n  EN  60734  

 

6 Preparation  for testing  

6.1  General  

This  section  sets  ou t the  requ irements  for the  preparation  of a  tumble  dryer.  I t  a l so  speci fies  
the  requ irements  for the  preparation  of test loads .  
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6.2  Test specifications  from  manufacturers  

Speci fications  that are  g i ven  speci fica l l y for use  by test  l aboratories  shal l  be  i gnored .  

6.3  Instal lation  of the  tumble  d ryer 

The measurements  shal l  general l y be  carried  ou t  on  a  new tumble  d ryer  wh ich  i s  insta l led  
and  used  in  accordance wi th  the  manufacturer’s  i nstructions,  except as  requ ired  by th is  PAS.  
Where  there  i s  more  than  one  option  for i nsta l lation ,  the  option  chosen  for testing  shal l  be  
documented  i n  the  test report.  

Steam  heated  tumble  dryers  sha l l  be  i nsta l l ed  accord ing  to  instructions  i n  Annex G .  Gas  
heated  tumble  d ryers  shou ld  be  i nsta l led  accord ing  to  i nstructions  i n  Annex H .  

Where  the  tumble  dryer  i s  i n tended  for use  wi thou t a  duct ( i . e .  the  tumble  d ryer  i s  i n tended  
to  be  vented  i n to  the  room),  the  tumble  dryer  shal l  be  tested  as  suppl ied  wi thout a  duct.  

Where  the  tumble  dryer  i s  i n tended  for use  wi th  a  duct the  tumble  dryer  sha l l  be  tested  wi th  
a  duct as  speci fied  i n  Annex B.  

Where  a  manufacturer g i ves  the  option  to  use  the  tumble  dryer  both  wi th  and  wi thou t a  duct,  
the  tumble  dryer  sha l l  be  tested  wi th  a  duct.  

The  test report sha l l  cl earl y state  wh ich  d uct  configuration ,  i f any,  i s  used  i n  each  test.  

Where  a  water i n let i s  suppl ied ,  i t  shal l  be  connected  to  an  appropriate  laboratory water 
suppl y system  for testi ng  (refer to  5 . 2. 2) .  

I f the  manufacturer g ives  the  option  to  use  a  condenser tumble  dryer  both  wi th  and  wi thou t 
condensation  box,  the  d ryer shal l  be  tested  i n  accordance  wi th  the  manufacturer’s  
i nstructions.  I f no  i nstructions  are  provided ,  then  the  d ryer shal l  be  tested  wi th  the  
condensation  box.  

6.4  Preparation  of the  tumble  dryer for a  test series  

Before  a  test series  i s  commenced  the  tumble  d ryer  shal l  be  checked  to  confi rm  that i t  has  
no  operating  defects  that may affect  the  operation  of the  un i t.  

Before  each  test series  the  fi l ters,  heat exchangers  and  ducts  i n tended  to  be  serviced  by the  
user shal l  be  cl eaned  accord ing  to  the  manufactu rer’s  i nstructions.  

The  manufacturer’s  speci fication  for the  frequency of cleaning  of the  heat exchanger and  
re lated  fi l ters  shal l  be  fol l owed .  I f no  speci fication  is  g i ven  regard ing  frequency,  or the  
speci fied  frequency i s  greater than  s ix cycles  then  the  heat exchanger and  i ts  related  fi l ters  
shal l  not be  cleaned  between  test runs  wi th in  a  test series .  I n  th is  context,  the  
manufacturer’s  speci fication  for clean ing  the  heat  exchanger and  i ts  re lated  fi l ters  means  the  
speci fication  that i s  d i rected  towards  the  user.  

6.5  Preparation  of the  tumble  dryer for a  test run  

Before  each  test run  the  fi l ters ,  heat exchangers  and  ducts  i n tended  to  be  serviced  by the  

user shal l  be  cleaned  accord ing  to  the  manufacturer’s  i nstructions.  

The  tumble  d ryer  shal l  be  at l aboratory ambien t temperature  (refer to  5. 2 . 3 . 1 )  a t the  
beg inn ing  of each  test run .  Th is  requ i rement has  been  met i f the  temperature  of the  hottest 
i n ternal  surface  of the  tumble  dryer  d rum  remains  wi th in  2  °C  of the  ambien t ai r temperature  
for a  period  of 1 5  m in  wh i l e  the  d rum  door remains  closed .  Al ternativel y the  tumble  dryer  
shal l  be  l eft  for 1 5  h  at  ambient temperature  between  test  runs .  
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NOTE  The  l ater i s  the  preferred  method  when  testi ng  tumble  dryers  wi th  a  h i gh  thermal  mass  (such  as  heat  
pump d ryers).  

6.6  Preparation  of test loads  

6.6. 1  General  

This  section  sets  ou t requ i rements  for the  preparation  of the  test loads  u sed  in  the  tumble  
dryer  wh ich  i s  to  be  tested  i n  accordance wi th  th is  PAS.  Refer to  C lause  7  regard ing  the  
se lection  of the  requ ired  test load  mass  and  requ i rements  for tests  at rated  capacity.  Th is  

section  sets  ou t:  

•  pre-treatment  of new test load  i tems  prior to  use  i n  testing ;  

•  age  requ i rements  for test load  i tems  used  i n  a  test series ;  

•  normal ization  of the  test load  i tems;  

•  cond ition ing  of test load  i tems  to  determ ine  the  test load  mass  a t  a  known  remain ing  
moisture content ;  

•  test load  composi ti on ;  

•  wetti ng  of the  test  l oad .  

6.6.2  Pre-treatment  of new test load  i tems  prior to  use  

New test load  i tems  shal l  be  treated  before  thei r fi rst use  by undergoing  a  normal ization  
wash  process  fi ve  times,  as  defined  i n  6 . 6 . 4  bu t wi thou t i n termed iate  d rying .  1 5  g  of the  
reference detergent A*  base  powder per kg  of test load  i s  added  to  the  fi rst fi ve  washes.  After 
the  fi nal  pre-treatment  wash ,  the  test load  sha l l  be  d ried .  Test load  i tems  that have  
undergone fu l l  pre-treatment  fol l owing  CLC/TS  50640: 201 4,  6. 4 . 2  do  not need  to  undergo a  
new pre-treatment  when  used  for d rying .  

6.6.3  Requirements  regard ing  the  age of test load  i tems  

No i nd ividual  test load  i tems  shal l  be  used  for more  than  1 00  test runs  (Test runs  for 
wash ing  performance accord ing  to  CLC/TS 50640  and /or test runs  for tumble  dryer  testi ng  
accord ing  to  th is  PAS)  exclud ing  pre-treatment  runs  prior to  i n i ti a l  use  and  the  normal ization  

runs  (refer to  6. 6 . 4) .  

Test loads  i n tended  for tumble  dryer  tests  fo l lowing  th is  PAS shal l  not be  used  for any other 
purpose  except for wash  performance tests  fol lowing  the  fu l l  procedures  in  CLC/TS  50640.  
Loads  that have  been  used  for any other purpose  are  not  su i table  for tumble  dryer  tests  

fol lowing  th is  PAS.  

To  meet the  age  requ i rements  speci fi ed  i n  th is  PAS,  a  system  for tracking  the  number of test 
runs  for each  load  i tem  i s  advisable.  

6.6.4  Normal ization  of test  load  i tems  

6.6.4.1  General  

After they have  been  used  for a  m in imum  of 1 0  test runs  and  a  maximum  of 1 2  test runs ,  a l l  
test load  i tems  shal l  u ndergo  normal ization .  Normal ization  i s  the  process  of wash ing  the  
test load  i n  a  wash ing  mach ine  us ing  a  speci fi ed  programme  i n  order to  bri ng  the  test load  

back in to  a  s tandard ized  state.  

6.6.4.2  Normal ization  procedure  of test l oad  i tems  

Normal ization  of the  test load  i tems  is  ach ieved  by processing  them  once  i n  a  wash ing  
mach ine  us ing  1 5  g  per kg  of test l oad  i tems  of the  reference detergen t A*  base  powder.  
Carry th is  ou t us ing  a  wash ing  mach ine  and  programme as  described  in  A. 7.  On  completion  of 
the  programme ,  the  test  load  i tems  shal l  then  be  d ried  i n  a  tumble  dryer.  
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6.6.5  Cond i tion ing  of test load  i tems  

6.6.5.1  General  

Cond ition ing  i s  the  process  of bri ng ing  the  test load  to  a  known  moisture  content  after 
normal ization  and  d rying  at the  completion  of a  test series  i n  order to  check the  
standard ized  mass  of each  l oad  i tem  prior to  commencing  the  next  test  series .  

Condi tion ing  may be  done  i n  an  ambient control l ed  room/chamber or us ing  the  bone  d ry 
method .  

The  cond ition ing  method  used  shal l  be  reported .  

6.6.5.2  Cond ition ing  of test load  i tems  in  an  ambient  control led  room/chamber 

I n  th is  method ,  the  test l oad  texti l es  are  d ried  i n  a  tumble  dryer  to  a  final  moisture content  
of about −1  %  in  the  case  of syn thetics/blend  texti les  and  they are  then  stretched  or flattened  
by hand .  They are  then  a l l owed  to  reach  an  equ i l ibri um  moisture content  when  p laced  in  a  
room/chamber wi th  an  ambient temperature  and  hum id i ty wh ich  is  main tained  i n  accordance 
wi th  5. 2. 3 . 2 .  Under th is  method ,  two  options  are  avai lable  as  fo l l ows:  

•  The  texti l es  shal l  be  hung  s i ng l y and  separatel y so  that a i r can  freel y ci rcu late  between  
i nd ividual  l oad  i tems.  The  l oad  is  l eft  for a  period  of not l ess  than  1 5  h .  

•  Texti l es  shal l  be  l eft u n ti l  the i r mass  has  changed  by l ess  than  0, 5  %  for two successive  
measurements  wh ich  are  taken  at i n tervals  of 2  h  or more.  

NOTE  The  final  moisture  conten t  i s  defi ned  at  −1  %  i n  order to  ensu re  that  a l l  i tems  of the  l oad  are  cond i ti oned  
com ing  from  a  more  d ry s tate.  

The mass  of the  complete  test load  i n  i ts  cond i ti oned  state  shal l  be  recorded .  

6.6.5.3  Cond i tion ing  of test load  i tems  using  the bone dry method  

I n  th is  method ,  the  test load  texti l es  are  d ried  conti nual l y i n  a  tumble  dryer  of known  
performance un ti l  the  remain ing  moisture content  has  been  reduced  to  a  level  that i s  known  
as  the  “bone  dry”  cond i ti on ,  where  very l i ttl e  free  moistu re  is  present.  The  cond i tioned  mass  of 
the  test load  i s  then  determ ined  by taking  the  bone  dry mass  and  mu l ti pl ying  i t  by factor 

wh ich  i s  determ ined  by the  d ryer performance  characteristics.  

The  speci fication  for the  tumble  dryer  used  and  the  method  to  prepare  the  test load  to  the  
bone  dry cond i ti on  prior to  a  test series  and  the  calcu lation  of cond i tioned  mass  is  speci fi ed  

i n  A. 3 .  

6.6.6  Test load  composition  

6.6.6. 1  General  

The test  load  mass  i s  ad justed  so  that i t  corresponds  to  the  requ i red  test  load  mass  for the  
speci fied  programme  of the  tumble  dryer  to  be  tested .  The  numbers  of smal l ,  med ium  and  
l arge  sheets  i n  the  test load  for various  requ i red  test load  masses  are  selected  so  that they 
as  much  as  poss ib le  correspond  to  the  number of test l oad  i tems  as  speci fi ed  i n  
CLC/TS  50640  for the  same test l oad  mass  i n  a  wash ing  mach ine  of the  same load  s i ze.  The  
number of test l oad  i tems  are  speci fi ed  i n  Table  3.  F inal  ad justment of the  test load  mass ,  i s  
made by add ing  or removing  smal l  sheets  so  that the  total  mass  is  as  close  as  poss ib le  
(±0, 06  kg)  to  the  requ i red  nominal  test  load  mass .  
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Table  3  – Number of i tems  in  the  test load   
for various  test  load  masses  

Test load  mass  
kg  

Number of smal l  
sheets  a

 
Number of 

medium  sheets  
Number of l arge  

sheets  

  60  cm  x 60  cm  90  cm  x 1 20  cm  1 40  cm  x 1 80  cm  

2, 0  6  4  0  

2 , 5  4  6  0  

3, 0  9  6  0  

3, 5  8  8  0  

4 , 0  1 2  8  0  

4 , 5  1 1  1 0  0  

5, 0  1 5  1 0  0  

5, 5  1 4  1 2  0  

6, 0  1 2  1 2  1  

6, 5  1 1  1 4  1  

7, 0  1 5  1 4  1  

7, 5  1 4  1 6  1  

8, 0  1 2  1 6  2  

8, 5  1 0  1 8  2  

9, 0  8  1 8  3  

9, 5  7  20  3  

1 0, 0  1 2  20  3  

1 5, 0  1 1  20  1 0  

20, 0  1 1  20  1 7  

25, 0  1 1  20  24  

30, 0  1 0  20  31  

40, 0  9  20  45  

50, 0  9  20  59  

60, 0  8  20  73  

70, 0  1 4  20  86  

80, 0  1 3  20  1 00  

90, 0  1 2  20  1 1 4  

1 00, 0  1 2  20  1 28  

1 50, 0  8  20  1 98  

200, 0  1 1  20  267  

250, 0  1 4  20  336  

300, 0  1 0  20  406  

For l oad  s i zes  not  shown  i n  Table  3  see  6 . 6 . 6 . 2 .  

a  The  actual  n umber of smal l  sheets  may d i ffer from  the  number i nd icated  above  
(wh ich  i s  i n tended  to  be  i nd icati ve).  

NOTE  The  number of smal l ,  med ium  and  l arge  sheets  i n  th i s  table  wi l l  g i ve  a  test  
l oad  as  s im i l ar as  possib l e  to  the  test  l oad  used  for the  same l oad  mass  i n  
CLC/TS  50640.  
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6.6.6.2  Calcu lation  of the  composition  of test  l oad  i tems for load  sizes  above  1 0  kg  
and  not  shown  in  Table  3  

Calcu lation  of the  test  l oad  composi tion  i s  done  accord ing  to  the  fol lowing  formu lae :  

20 10
T M S

L

L

* *
Number of large sheets ( ) = Integer( )

W W W
X

W

− −
 

( )20
T M L L

s 

S

*  *  
Number of small  sheets ( ) = Integer

W M X W
X

W

− −
 

( )
M

Number of medium  sheets = 20 for al l  test loads above 1 0 kgX  

where:  

TW   =  the  tota l  test l oad  mass  (kg)  

SW   =  the  mass  of a  smal l  sheet  

MW   =  the  mass  of a  med ium  sheet  

LW   =  the  mass  of a  l arge  sheet  

SX   =  number of smal l  sheets  

MX   =  number of med ium  sheets  

LX   =  number of l arge  sheets  

Values  accord ing  to  speci fication  of the  test l oad  g i ven  in  A. 2:  

S
= 0, 1 1 0 kg (nominal  mass)W

 

M
= 0, 31 5 kg (nominal  mass)W  

L
= 0, 720 kg (nominal  mass)W  

The  mass  of the  ind ividual  test l oad  i tems  as  defined  above  is  a  nom inal  va lue.  Therefore  the  
number of smal l  and  l arge  sheets  for a  certa in  l oad  as  defined  i n  Table  3  may d i ffer.  I f 
ad j ustments  need  to  be  done  the  number of smal l  sheet  shal l  not be  selected  l ower than  1 0  

and  not above  20 .  

Care  i s  requ ired  to  ensure  that no  test load  i tems  are  lost or gained  between  test runs ,  so  a  
system  of accounting  for a l l  test load  i tems  shou ld  be  used .  

6.6.7  Wetting  

6.6.7 .1  Temperature of the  test  load  

Before  wetti ng  the  temperature  of the  test l oad  and  the  water used  for wetti ng  shal l  be  wi th in  
the  l im i ts  of the  ambient temperature  speci fication  accord ing  to  5 . 2 . 3. 1  
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6.6.7.2  Wetting  procedure  

The in i ti al  moisture  content  i s  establ ished  by wetting  and  sp inn ing  the  l oad .  

The  l oad  shal l  be  homogeneously wetted .  Th is  shal l  be  carried  ou t i n  a  wash ing  mach ine  
accord ing  to  the  speci fication  g i ven  i n  5 . 4 . 3 .  I n  order to  get  the  wetti ng  to  be  as  
homogeneousl y as  poss ib le  the  extraction  speed  of the  wash ing  mach ine  shal l  be  set so  low 
that the  fi nal  moisture  not wi l l  be  reached  wi th in  3  m in .  The  l oad  shal l  be  spun  for as  l ong  as  
necessary to  reach  in i ti al  moisture  content  i n  the  range:  

μi o  +  3  %  to  μ i o  – 5  %  

where  

μi o  i s  the  nom inal  i n i ti a l  moisture  content.  

The  moisture content  of the  wet test load  μi j  i s  ca lcu lated  as  

i 0

0

-
 

W W
 
W

 expressed  as  a  percentage,  

where  

Wi  i s  the  mass  of the  test  load  after wetting ;  and  

W0  i s  the  mass  of the  cond i ti oned  test load .  

Water is  then  added  even l y by means  of a  fine  spray as  necessary,  so  that  the  i n i tial  
moisture content  of the  test load  when  starti ng  the  test l ies  wi th in  the  a l l owable  range  
speci fied  i n  Table  4.  Th is  i n i tia l  wet mass  i s  recorded  as  Wi .  

In i tial  moisture contents  o ther than  speci fied  i n  Table  4  may be  used  i f clearl y s tated  wi th  
the  resu l ts.  Annex F  shows how the  resu l ts  of tests  us ing  two d i fferent in i tial  moisture  
contents  may be  used  to  calcu late  the  d rying  time and  energy consumption  that re late  to  
other in i ti al  moisture  contents .  

NOTE  1  The  preferred  method  i s  the  one  g i ven  i n  Annex F .  The  val ues  g i ven  i n  Table  4  are  on ly  recommended  
where  a  s i ng l e  resu l t  i s  requ i red  for a  s i ng le  market and  l oad .  

NOTE  2  Resu l ts  measured  d i rectl y  have  priori ty  over resu l ts  calcu lated  us ing  the  method  shown  i n  Annex F ,  for 
the  pu rposes  of resolvi ng  d i spu tes.  

Table  4 – Specifications  for in i tial  moisture  
content  in  the  test load  

Nominal  i n i ti al  moisture  
content of the  test l oad  

μ
i 0
 

Al lowable  range  for 
i n i ti al  moisture  content  

μ
i j
 

50  %  45 %  to  53  %  

 

7 Performance measurements  – General  requirements  

This  cl ause  sets  ou t the  overal l  s trategy for carrying  ou t performance tests  us ing  th is  PAS.  

Prior to  perform ing  a  test  series ,  the  fo l lowing  parameters  need  to  be  selected :  

•  performance  tests  requ ired  (energy and  water consumption ,  condensation  efficiency,  etc) ;  

•  programme  to  be  tested  on  the  tumble  dryer;  
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•  in i tial  moisture  content  of the  test load ;  

•  target  final  moisture content  of the  test  l oad ;  

•  test load  mass .  

The  primary requ i rement of th is  PAS  is  for determ ination  of performance at rated  capacity  for 
each  re levant l oad  type  and  set of test cond i ti ons.  Any cla im  of performance to  th is  PAS  
wi thout a  s tatement of l oad  s i ze  shal l  be  determ ined  on  the  bas is  of tests  at rated  capacity.  
However,  add i tional  tests  may be  conducted  at  other capaci ties.  Any cla ims  of performance 
for such  test  resu l ts  shal l  be  qual i fied  wi th  the  test  load  capaci ty used .  

When  two or more  of the  fol lowing  performance parameters  are  requ ired  for a  s ing le  tumble  
dryer,  they shal l  be  measured  as  far as  poss ib le  us ing  a  s ing le  common  test series  as  set 

ou t i n  C lause  8:  

•  e lectric energy consumption ;  

•  s team  energy consumption ;  

•  gas  energy consumption ;  

•  water consumption ;  

•  programme  t ime;  

•  condensation  efficiency;  

•  texti l e  d rying  temperature;  

•  exhaust a i r volume.  

8 Tests  for performance 

8. 1  General  

Clause  8  sets  ou t the  test procedure  for the  determ ination  of performance  for the  tumble  
dryer.  

8.2  Test procedure for performance tests  

8.2. 1  Test conditions,  materials  and  preparation  for testing  

For each  test run  the  tumble  dryer  sha l l  be  prepared  accord ing  to  Clause  6 .  

8.2.2  Programme 

The programme  se lected  on  the  tumble  dryer  and  any associated  setti ngs  shal l  i n i tia l l y be  i n  
accordance wi th  the  manufacturer’s  i nstructions.  I n  the  absence of any i nstructions  from  the  
manufacturer,  or i f the  recommended  programmes  d o  not ach ieve  val id  resu l ts  (see  8. 2. 5)  
then  a  su i table  programme  i s  establ ished  by tri a l  and  error before  a  fu l l  test series  i s  carried  

ou t.  

Table  5  – Specification  for final  moisture content of the  test load   
after d rying  i n  a  cotton  dry programme 

Programme or user 
requ i rements  

Target fi nal  
moisture  

content value  

Range  for fi nal  moisture  
content for a  test run  

Al lowable  range for average  
fi nal  moisture  con ten t μ  of a  

test series  

  μ
f0
 μ

fj
   

Drying  programme  1  0  %  −3  %  to  +3  %  Less  than  +1 , 5  %  
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The  selected  programme  shal l  be  used  for a l l  test runs  i n  a  test series .  I f i t  i s  decided  part 
way through  a  test series  that  the  programme  sha l l  be  changed  i n  order to  ach ieve  the  
requ ired  target final  moisture  content  va lue  then  the  test  series  shal l  be  aborted  and  
another test series  s tarted  using  the  a l ternate  programme .  

The  programme  se lected  on  the  tumble  dryer  (wi th  any associated  setti ngs)  shal l  be  

reported .  

8.2.3  Test load  

Prior to  a  test  run ,  a  separate  cond i ti oned  test l oad  as  speci fi ed  i n  Clause  6  sha l l  be  
prepared  for each  tumble  d ryer  be ing  tested .  

8.2.4  Test procedure  

Immed iatel y before  each  test run ,  the  test  load  shal l  be  wetted  accord ing  to  6 . 6. 7.  

The  test load  shal l  be  l oaded  i n to  the  tumble  dryer wi th in  5  m in  of having  been  wetted  and  
the  selected  programme  sha l l  be  started  wi thou t de lay.  

No  control  on  the  tumble  dryer  ( for example  the  timer control )  shal l  be  ad justed  by the  
operator wh i l e  the  programme  i s  runn ing .  

At  the  end  of the  programme ,  the  test load  sha l l  be  removed  wi th in  2  m in  and  immed iatel y 
weighed .  The  fi nal  test  load  mass  for test run  j i s  recorded  as  Wfj .  

When  the  programme  h as  term inated  and  the  tumble  dryer  has  stopped ,  th is  means  that the  
test run  has  fin ished .  The  test load  shal l  not be  subj ected  to  any further d rying  as  part of the  
same test  run .  

The  fi nal  moisture  con ten t for test  run  j i s  ca lcu lated  as:  

µ fj  = (Wfj  –  W0)  / W0  (expressed  as  a  percentage)  

where   

W0  i s  the  mass  of the  cond i tioned  test load.  

The  final  moisture  content  sha l l  be  reported .  

8.2.5  Val id i ty of a  test  run  

I f the  final  moisture content  for a  test run  i s  wi th in  the  range  g iven  i n  Table  5 ,  then  the  test 
run  shal l  be  declared  val i d .  Otherwise  the  test  run  shal l  be  declared  inval id .  

I f the  d ryer has  stopped  au tomatica l l y during  a  test run  because  a  condensate  con tainer i s  
fu l l  of water,  the  fact shal l  be  reported  and  the  test run  shal l  be  declared  i nval id .  

Any adverse  warn ing  i nd icators  (e . g .  warn ings  or fau l ts)  sha l l  be  recorded  and  cons idered  
when  assessing  test  run  va l i d i ty.  However,  i f the  run  i s  not i nval id  for any of the  reasons  

g i ven  above,  i t  sha l l  be  declared  val id .  

8.2.6  Val id i ty of a  test  series  

A test series  of fi ve  tests  shal l  be  carried  ou t on  the  tumble  dryer.  I n  ci rcumstances  where  
one  of the  fi ve  test runs  i s  i nval i d ,  a  s ixth  test run  may be  carried  ou t on  the  tumble  d ryer  
u s ing  the  same programme  setti ng ,  and  the  same nom inal  in i ti al  moisture  content  as  a l l  the  
previous  test runs  i n  the  test series .  The  inval id  test run  shal l  be  e l im inated  completel y from  

any subsequent evaluation .  
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I f more  than  one  test run  i s  i nval id  i n  a  test series ,  then  the  whole  test series  shal l  be  

declared  inval id .  

I f the  average  final  moisture  content  for a  test  series  of fi ve  val i d  runs  is  below the  upper 
l im i t  of the  a l l owable  range  g iven  i n  Table  5 ,  then  the  test series  shal l  be  declared  va l id  and  
the  resu l ts  evaluated  accord ing  to  C lause  9 .  Otherwise  the  test  series  sha l l  be  i nval id .  

I f a  test series  of 5  va l i d  test runs  i s  i nval i d ,  i t  shal l  not be  made val id  by substi tu ti ng  one  of 
the  test runs  wi th  a  s ixth  test  run .  

Data  from  an  i nval i d  test series  sha l l  not be  used  for evaluation  accord ing  to  C lause  9.  

I f a  tumble  d ryer  cannot complete  a  val id  test series  u s ing  the  programme  recommended  
by the  manufacturer to  d ry a  particu lar l oad  type  then  th is  fact sha l l  be  reported .  A new test 
series  shal l  then  be  carried  ou t us ing  the  programme  wi th  the  next l ower final  moisture 
content .  I f no  such  programme  i s  avai l ab le  then  the  test series  sha l l  be  s topped .  

A schematic representation  of a  test  series  i s  set ou t i n  Annex C.  

8.3  Measurements  to  determine water and  energy consumption  and  programme time  

8.3. 1  General  

This  subclause  contains  speci fic requ i rements  for the  measurement of energy consumption ,  
programme time  and  water consumption .  The  purpose  is  to  obta in  reproducible  data  for the  
calcu lation  of environmental  impacts  and  cost  of operation  based  on  energy and  water 

consumption .  

Evaluation  of the  measurements  performed  i n  th is  cl ause  is  set  ou t i n  9. 2 ,  9. 3,  9. 4  and  9 . 5.  

The  water added  to  the  process  i n  the  form  of steam  shal l  not be  added  to  the  corrected  water 
consumption  as  described  i n  9 . 5.  The  steam  shal l  be  reported  as  ki l ograms of steam  
accord ing  to  C lause  G . 9.  

8.3.2  Procedure  

The  test load  shal l  be  subj ected  to  the  performance test procedure  speci fied  i n  8 . 2 .  During  
these  tests,  i nstrumentation  for the  measurement of e lectrical  energy,  steam  energy,  gas  
energy,  water volume and  temperature  shal l  record  the  requ i red  parameters  (refer to  
Clause  5).  I t  i s  recommended  that data  for a l l  parameters  be  recorded  at regu lar in tervals  
throughout the  test using  a  data  l ogger or computer.  Data  col lection  shou ld  commence wel l  
before  the  programme  i s  i n i ti ated  and  con tinue  un ti l  after the  end  of the  programme .  

Measurements  shal l  commence when  the  programme  i s  i n i tiated  (wi thout any user 
programmed  delay) .  They shal l  be  stopped  at  the  end  of the  programme .  

Measurements  shal l  be  made on  a l l  fi ve  val i d  test runs  of a  va l id  test series  for the  selected  
programme .  

8.4 Measurements  to  determine condensation  efficiency 

8.4. 1  General  

Th is  subclause  contains  speci fic requ irements  for the  measurement of condensation  
efficiency of condenser tumble  dryers .  Evaluation  of the  measurements  performed  i n  th is  

clause  i s  set ou t  in  9 . 7.  
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8.4.2  Procedure  

The tumble  dryer  sha l l  be  cond i tioned  no  more  than  36  h  before  the  fi rst test run  by d rying  a  
rated  capacity  l oad  that has  been  wetted  to  no  l ess  than  the  m in imum  relevan t va lue  g i ven  i n  

Table  4 .  I t  sha l l  then  be  a l l owed  to  cool  to  ambient temperature  as  described  i n  6 . 5.  

The  tumble  dryer  d oor shal l  remain  closed  during  the  period  before  starting  the  test.  

The  test load  shal l  be  subjected  to  the  performance test procedure  speci fi ed  i n  8 . 2.  

The  mass  of the  test load  i s  measured  immed iate l y before  and  after the  test run .  The  mass  
of moisture  condensed  during  the  test  run  and  water col lected  i s  determ ined .  

I f more  than  36  h  el apses  between  one  test  run  and  the  next then  the  tumble  dryer  shal l  be  
cond i tioned  as  described  above  prior to  the  next  test  run .  

Measurements  shal l  be  made on  a l l  fi ve  val i d  test runs  of a  va l id  test series  for the  selected  
programme .  

8.5  Measurements  to  determine exhaust ai r volume  

This  cl ause  contains  speci fic requ i rements  for the  measurement of exhaust a i r volume.  
Evaluation  of the  measurements  performed  i n  th is  cl ause  is  set  ou t i n  9. 9 .  

Th is  measurement i s  appl icable  for external l y vented  tumble  dryers  on l y.  

Under certain  cl imatic  cond i tions  an  ai r vented  tumble  dryer  wh ich  i s  external l y ven ted  may 
consume add i tional  thermal  energy where  the  indoor temperature  is  l ower or h i gher than  the  
ou tdoor a i r temperature.  I n  th is  case  i t  i s  assumed  that  the  exhaust a i r i s  ven ted  outs ide  and  
replaced  through  the  i n take  of ou tdoor a i r i n to  the  bu i l d ing .  

8.6  Performance  measurement at  maximum  exhaust duct pressure  

Performance measurement test series  are  normal l y performed  wi th  an  exhaust duct pressure 
accord ing  to  Table  B . 2 .  A performance test can  a lso  be  made at the  maximum  exhaust duct 
pressure  ind icated  by the  manufacturer.  I n  that case  the  damper i n  F igure  B . 2  shal l  be  set so  
the  pressure  drop  i n  the  exhaust duct i s  equal  to  the  maximum  pressure  declared  by the  
manufacturer.  

8.7  Measurement of the  texti le  drying  temperature  

The texti l e  d rying  temperature  shal l  be  measured  by temperature loggers  p laced  i n  the  d rum  
and  fo l l owing  the  l oad  du ring  the  d rying  phase.  The  procedure  and  speci fication  of the  l oggers  
are  described  in  Annex J .  

9  Assessment of performance  

9. 1  General  

Clause  9  sets  ou t the  primary evaluation  methods  for the  assessment of tumble  dryer  
performance  under th is  PAS.  Th is  clause  includes  the  evaluation  of a l l  the  performance  
parameters  l i s ted  i n  Clause  7.  

Round ing  shal l  on l y be  appl i ed  to  reported  values  i n  Annex D.  I f numbers  have  to  be  rounded  
they shal l  be  rounded  to  the  nearest number accord ing  to  I SO  80000-1 : 2009,  B .3 ,  Ru le  B .  I f 
the  round ing  takes  p lace  to  the  ri ght of the  comma,  the  om i tted  p laces  shal l  not be  fi l l ed  wi th  
zeros.  
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9.2  Final  moisture  content of the  load  

The final  moisture  content  of the  l oad  shal l  be  evaluated  as  shown  i n  8 . 2 . 4 .  

The  average  final  moisture content  µ  of the  val i d  test runs  of a  test series  i s  ca lcu lated  as:  

1

1
fj

n

j

μ μ
n =

= ∑
 

where  

n  i s  the  number of test runs ;  

j i s  the  test  run  n umber;  

µ fj  i s  the  measured  final  moisture  content  after test  run  j.  

The  standard  deviation  of the  measured  final  moisture  content  Sb ,  wh ich  i s  a  measure  of the  
variabi l i ty between  test runs  i n  one  test  series  on  a  se lected  programme  or timer setti ng ,  i s  
ca lcu lated  for a  test series :  

Sb  =  1

1

1
fj( ) ²

n

j

μ μ
n =

−
−
∑  

where  

n  i s  the  number of test runs ;  

j i s  the  test  run  n umber;  

µ fj  i s  the  measured  fina l  moisture  content after test  run  j;  

µ  i s  the  average  measured  final  moisture  content  for the  test  series .  

9.3  Total  energy 

The tota l  measured  energy Emj  i s  the  sum  of the  measured  e lectric  energy and  the  measured  
steam  energy measured  accord ing  to  Annex G  and ,  i f gas  energy is  measured ,  to  fo l low the 
i nstructions  i n  Annex H .  

9.4  Corrected  energy 

I f the  fina l  moisture content  of a  va l i d  test run  i s  wi th in  the  target range  g i ven  i n  Table  5  
then  the  corrected  energy consumption  shal l  be  evaluated  as  shown  below using  the  
measurements  from  val id  test  runs  determ ined  in  8. 3.  

Otherwise,  no  correction  shal l  be  made on  the  energy consumption  and  the  measured  energy 
consumption  shal l  be  declared  as  the  corrected  energy consumption .  

The  corrected  energy consumption  Ej  i s  ca lcu lated  for each  test run  j  i n  a  test series :  

i0 f0
j mj

i f

(  ) x Wμ μ
E  =  xE

(W - W ) 

−
 

where  

Emj  i s  the  measured  energy (e lectrica l  and  s team  or gas)for test  run  j;  

µ i 0  i s  the  nom inal  i n i ti a l  moisture  content;  

µ f0  i s  the  target final  moisture  conten t  
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W i s  the  rated  capaci ty  of the  tumble  dryer  for the  type  of l oad  tested ;  

Wi  i s  the  mass  of the  test  load  after wetti ng ;  

Wf  i s  the  mass  of the  test  load  after d rying .  

The  average  corrected  energy consumption  E  i s  ca lcu lated  from  the  corrected  energy 

consumption  of a l l  va l id  test  runs :  

1

1
j

n

j

E E
n =

= ∑  

where  

n  i s  the  number of test runs ;  

j i s  the  test  run  n umber;  

Ej  i s  the  corrected  energy consumption  of the  test  run  j.  

9.5  Corrected  water consumption  

The corrected  water consumption  shal l  be  evaluated  as  shown  be low us ing  the  measurements  
from  val i d  test runs  d eterm ined  i n  8. 3 .  

The  corrected  water consumption  L j  i s  calcu lated  for each  test  run  j i n  a  test series  

i0 f0
j mj

i f

(  ) x W
L  =  xL

(W - W ) 

m m−
 

where  

Lmj  i s  the  measured  water consumption  for test  run  j;  

µ i 0  i s  the  nom inal  in i ti al  moisture  content ;  

µ f0  i s  the  target final  moisture  content ;  

W i s  the  rated  capacity  of the  tumble  dryer  for the  type  of l oad  tested ;  

Wi  i s  the  mass  of the  test  load  after wetti ng ;  

Wf  i s  the  mass  of the  test  load  after d rying .  

The average  corrected  water consumption  L  i s  ca lcu lated  from  the  corrected  water 

consumption  of a l l  va l id  test  runs :  

1

1
j

n

j

L L
n =

= ∑
 

where  

n  i s  the  number of test runs ;  

j i s  the  test  run  n umber;  

L j  i s  the  corrected  water consumption  of test  run  j.  

9.6  Corrected  programme time  

I f the  final  moisture content  of a  va l i d  test run  i s  wi th in  the  target range  g iven  in  Table  5  
then  the  corrected  programme time  sha l l  be  evaluated  as  shown  below us ing  the  

measurements  from  val id  test  runs  determ ined  i n  8. 3.  
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Otherwise,  no  correction  shal l  be  made on  the  programme  t ime  and  the  measured  
programme time  shal l  be  declared  as  the  corrected  energy consumption .  

The  corrected  programme time  Tj  i s  ca lcu lated  for each  test run  j  i n  a  test  series :  

i0 f0
j mj

i f

(  ) x W
T  =  xT

(W - W ) 

m m−
 

where  

Tmj  i s  the  measured  programme time  for test  run  j;  

µ i 0  i s  the  nom inal  in i ti al  moisture  content ;  

µ f0  i s  the  target final  moisture  content ;  

W i s  the  rated  capacity  of the  tumble  dryer  for the  type  of l oad  tested ;  

Wi  i s  the  mass  of the  test  load  after wetting ;  

Wf  i s  the  mass  of the  test  load  after d rying .  

The  average  corrected  programme time  t  i s  calcu lated  from  the  corrected  programme times  

of a l l  va l i d  test runs :  
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where  

n  i s  the  number of test runs ;  

j i s  the  test  run  n umber;  

Tj  i s  the  corrected  programme time  of test run  j.  

9.7  Condensation  efficiency 

The  condensation  efficiency  shal l  be  evaluated  as  shown  below us ing  the  measurements  
from  val i d  test runs  d eterm ined  i n  8. 4 .  

Condensation  efficiency Cj  i s  ca lcu lated  for a l l  va l i d  test runs  and  expressed  as  a  

percentage:  

wj

j

i f

1 00
W

C  =   
 - W W

×  

where  

Wwj  i s  the  mass  of water col lected  during  a  test  run  j;  

Wi  i s  the  mass  of the  test  load  used  after wetti ng  bu t before  drying ;  

Wf  i s  the  mass  of the  test  load  after d rying .  

The  average  condensation  efficiency C i s  ca lcu lated  from  the  condensation  efficiencies  of a l l  

va l i d  test  runs  and  expressed  as  a  percentage:  
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where  

n  i s  the  number of test runs ;  

j i s  the  test  run  n umber;  

Cj  i s  the  condensation  efficiency of test  run  j.  

9.8  Evaporation  capacity 

The evaporation  capaci ty shal l  be  evaluated  as  shown  be low us ing  the  measurement from  
va l i d  test  runs  determ ined  in  8. 4:  

1

1 i j fj
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j

W W
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n T=

−
= ∑  

where  

n  i s  the  number of test runs ;  

Ec  i s  the  evaporation  capacity;  

j i s  the  test  run  n umber;  

Tmj  i s  the  measured  programme time  of test  run  j;  

Wwj  i s  the  mass  of water col lected  i n  the  condenser reservoir during  test run  j;  

Wi j  i s  the  mass  of the  test  load  used  after wetti ng  bu t  before  drying  during  test  run  j;  

Wfj  i s  the  mass  of the  test  load  after d rying  during  test run  j.  

9.9  Exhaust ai r volume  

The exhaust a i r volume shal l  be  evaluated  as  shown  in  Annex I .  

1 0  Data to  be reported  

For each  test,  the  relevant data  that shal l  be  reported  are  l i sted  in  Annex D.  I t  i s  
recommended  that  the  data  be  presented  i n  the  format shown  i n  Annex  D .  
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Annex A 
(normative)  

 
Reference l ist 

A.1  Reference detergent 

See  CLC/TS  50640:201 5,  Annex B .  

A.2  Specification  of test l oad  

See  CLC/TS  50640:201 5,  Annex C.  

A.3  The bone dry method  of condi tioning  

See  CLC/TS  50640:201 5,  Annex F .  

A.4  Uncertainty of measurement 

See  EN  60456:201 1 ,  Annex Q.  

A.5  Environmental  aspects  of tumble dryer use  

See  EN  60456:201 1 ,  Annex R.  

A.6  Source of materials  and  suppl ies  

See  CLC/TS  50640:201 5,  Annex N .  

A.7  Washing  machine for normal ization  

See  CLC/TS  50640:201 5,  6 . 4. 4. 2 .  

 



I EC PAS  631 24:201 7  © I EC  201 7  – 33  –  

Annex B  
(normative)  

 
Exhaust ducts  for tumble  dryer testing  

B.1  General  

The pressure  duct sha l l  comply wi th  a  1 5  m  l ong  duct wi th  a  d iameter speci fi ed  by the  
manufacturer.  The  duct can  be  of two  d i fferen t types;  Type  1  and  Type  2 .  

B.2  Specification  of the exhaust duct type 1  

B.2. 1  Duct material  

The duct sha l l  consist of a  steel  pipe,  ca l l ed  spi ro-pipe.  The  d iameter of the  pipe  shal l  be  i n  
accordance  wi th  the  requ irements  g iven  be  the  manufacturer for the  tumble  dryer  under test.  

B.2.2  The form  of the  duct  

The duct can  be  i n  the  form  of a  stra igh t tube  or bended .  I t  i s  a l l owed  to  add  maximum  three  
90°  bends  wi th  a  des ign  accord ing  to  F igure  B . 1 .  I f one  or more  bends  are  added  the  tota l  
l ength  of the  exhaust duct sha l l  be  corrected .  The  correction  shal l  be  made accord ing  to  
Table  B. 1 .  A s tra ight  tube  of the  l eng th  of a t l east  200  cm  shal l  be  fi tted  between  each  bend .  

 

Key 

Al lowed  types  of bends:  

Type  1 :   R/d  =  1  

Type  2 :   R/d  =  2  

Figure  B. 1  – Exhaust duct bend  

Table  B. 1  – Equ ivalent tube  l ength  of a  90°  bend  

Bend  type  Equ ivalent tube 
l ength (m)  

R/d  =  1  1 6  ×  d i ameter(m)  

R/d  =  2  1 2  ×  d i ameter(m)  

EXAMPLE  Tube  d i ameter 0 , 2  m .  I f two  90°  bends  
wi th  R/d  =  1  are  added  they represent an  equ i val en t  
tube  l eng th  of 2  ×  1 6  ×  0 , 2  m  =  6 , 4  m .  Thus  8, 6  m  of 
s tra ight  tubes  shal l  be  added  to  ach i eve  a  
correspond ing  a l l  s tra ight  tube  of 1 5  m .  

 

IEC  

R  

d
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B.2.3  Instrumentation  

The exhaust duct  shal l  be  equ ipped  wi th  exhaust pressure  equ ipment and  a  flow meter.  The  
pressure  read ing  shal l  be  made at  a  d istance  from  the  output of the  tumble  dryer  of 0 , 5  m .  
No  bend  may exist between  the  output and  the  pressure  measurement poin t.  After the  
measurement poin t another stra igh t tube  wi th  a  l eng th  of at  l east 0 , 5  m  shal l  be  attached .  The  
flow meter shal l  before  and  after the  measurement poin t be  attached  to  stra igh t tubes  wi th  a  
l ength  of 1  m  or more.  

B.3  Exhaust duct type 2  

B.3. 1  General  

For laboratories  where  the  space  for ducts  Type  1  i s  l im i ted  ducts  accord ing  to  Type 2  can  be  
used .  

B.3.2  Specification  of exhaust duct Type  2  

The duct shal l  be  des igned  accord ing  to  F igure  B. 2.  The  horizon tal  part of the  duct shal l  be  in  
accordance wi th  the  speci fication  from  the  manufacturer wh i le  the  vert ical  part can  be  i n  any 
d imension  as  long  as  the  pressure  d rop  between  tumble  dryer  ou tpu t and  ambien t i s  not 
l arger than  correspond ing  d rop  for an  exhaust duct Type 1 .  The  horizon tal  length  of the  duct 
before  and  after the  pressure  measurement poin t shal l  be  0 , 5  m .  

B.3.3  Setting  the  correct exhaust duct  pressure  

The flow i n  the  Type  2  exhaust duct restrictor shal l  be  ad j usted  so  the  flow res istance  in  the  
duct i s  i n  l i ne  wi th  the  resistance  of a  Type  1  stra igh t 1 5  m  exhaust duct.  Th is  shal l  be  done  
as  fol l ows:  use  the  i n formation  g iven  by the  manufacturer regard ing  d imension  of the  exhaust  
duct and  exhaust a i r fl ow.  I n  Table  B. 2  se lect  the  column  for the  g iven  d iameter of the  
exhaust duct and  chose  the  pressure  drop  correspond ing  to  the  a i r flow.  (Use  i n terpolati on  i f 
necessary. )  

Run  the  tumble  dryer wi thout load  and  without heating  and  ad just the  a i r damper so  the  
same pressure  drop  wi l l  occur as  found  i n  Table  B. 2 .  Measure  the  a i r fl ow and  i f the  a i r flow 
now d i ffers  from  the  va lue  obtained  from  the  manufacturer read  a  new pressure  d rop  i n  
Table  B. 2  based  on  the  measured  a i r flow.  Repeat the  operation  above  un ti l  the  pressure  
drop  and  the  a i r fl ow is  i n  accordance wi th  the  va lues  in  Table  B . 2 .  
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Figure B.2  – Exhaust  duct Type  2  
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Table  B .2  – Pressure  drop  values  for d i fferent d iameters   
and  flows  for a  1 5  m  long  duct  

Pressure  drop  (Pa)  for a  ci rcu lar duct for d i fferen t duct d i ameters  and  ai r flows  

Cold  ai r M 3/h  flow 

Exhaust duct d iameter 

(mm)  

1 00  1 25  1 50  200  250  31 5  400  

1 50  69, 28              

200  1 1 4, 62  39, 71            

220  1 35, 42  46, 92            

250  1 69, 38  58, 69  24, 68          

260  1 81 , 41  62, 85  26, 44          

280  206, 53  71 , 56  30, 1 0          

300  233, 03  80, 74  33, 96          

350  305, 1 9  1 05, 74  44, 48          

360  320, 62  1 1 1 , 09  46, 73          

400  385, 53  1 33, 58  56, 1 9  1 4 , 33        

420  41 9, 90  1 45, 49  61 , 1 9  1 5, 60        

430  437, 55  1 51 , 60  63, 77  1 6 , 26        

450  473, 78  1 64, 1 6  69, 05  1 7, 61        

500  569, 71  1 97, 39  83, 03  21 , 1 7        

550  673, 1 2  233, 22  98, 1 0  25, 01        

600  783, 83  271 , 58  1 1 4 , 23  29, 1 3        

620  830, 1 2  287, 62  1 20, 98  30, 85        

640  877, 55  304, 05  1 27, 89  32 , 61        

650  901 , 68  31 2, 41  1 31 , 41  33, 51        

700  1  026, 54  355, 68  1 49, 60  38, 1 5  1 3, 22      

750  1  1 58, 28  401 , 32  1 68, 80  43, 04  1 4, 91      

800  1  296, 77  449, 30  1 88, 99  48, 1 9  1 6, 70      

850    499, 59  21 0, 1 4  53, 59  1 8, 57      

860    509, 92  21 4, 48  54, 69  1 8, 95      

900    552 , 1 5  232, 24  59, 22  20, 52      

950    606, 94  255, 29  65, 1 0  22, 56      

1  000    663, 95  279, 27  71 , 21  24, 67      

1  060    723, 1 3  304, 1 6  77, 56  26, 87      

1  1 00    784, 46  329, 96  84, 1 4  29, 1 5      

1  200    91 3, 48  384, 23  97, 98  33, 95      

1  300    1  050, 83  442, 00  1 1 2, 71  39, 05  1 3 , 03    

1  400    1  1 96, 35  503, 21  1 28, 32  44, 46  1 4 , 83    

1  500    1  349, 87  567, 78  1 44, 78  50, 1 6  1 6 , 74    

1  600      635, 67  1 62, 1 0  56, 1 6  1 8, 74    

1  700      706, 82  1 80, 24  62, 45  20, 83    

1  800      781 , 1 8  1 99, 20  69, 02  23, 03    

1  900      858, 70  21 8, 97  75, 87  25, 31    

2  000      939, 34  239, 53  82, 99  27, 69    



I EC PAS  631 24:201 7  © I EC  201 7  – 37  –  

Pressure  drop  (Pa)  for a  ci rcu lar duct for d i fferen t duct d i ameters  and  ai r flows  

Cold  ai r M 3/h  flow 

Exhaust duct d iameter 

(mm)  

1 00  1 25  1 50  200  250  31 5  400  

2  250      1  1 54, 36  294, 36  1 01 , 99  34, 03    

2  500      1  388, 09  353, 96  1 22, 64  40, 91  1 3 , 1 5  

2  750      1  640, 04  41 8, 21  1 44, 90  48, 34  1 5, 54  

3  000      1  909, 78  487, 00  1 68, 73  56, 29  1 8, 1 0  

3  250        560, 22  1 94, 1 0  64, 76  20, 82  

3  500        637, 80  220, 98  73, 72  23, 70  

3  750        71 9, 64  249, 34  83, 1 8  26, 74  

4 000        805, 69  279, 1 5  93, 1 3  29, 94  

 



 – 38  – I EC PAS  631 24:201 7  © I EC  201 7  

Annex C  
(informative)  

 
Flow diagrams  

Figure  C. 1  shows the  decis ion  chart i l l ustrati ng  the  requ i rements  for a  va l i d  test series  for 
automatic tumble  dryers .  F i gure  C. 2  shows  the  decis ion  chart i l l ustrati ng  the  requ i rements  
for a  val i d  test series  for non  automatic  tumble  dryers .  



I EC PAS  631 24:201 7  © I EC  201 7  – 39  –  

 

Figure C. 1  
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Figure C.2   
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Annex D  
(normative)  

 
Test report – Data to be  reported  

This  annex presen ts  the  data  to  be  reported .  

The  l ayou t of the  fol l owing  Tables  D . 1  to  D. 3  i s  recommended .  On l y the  tables  and  
parameters  that are  re levant for the  test series  need  to  be  i ncluded .  

Table  D . 1  – Identi fication  data  

Ti tl e :  “Test Report to  CLC/TS  50594: 201 5 ”  (state  ed i ti on  and  year used )  

Laboratory name and  add ress:  

Laboratory test  report  i d ;  Laboratory sample  i d ;  

Brand :  Model  name:  

Model  number;  Serial  number:  

Source  of app l i ance:  Country of manufactu re:  

Appl iance  d imensions  declared  (cm)  Appl iance d imensions  measured  (cm)  

Height:  Heigh t:  

Max height:  Max heigh t;  

Wid th :  Wid th :  

Depth :  Depth :  

Max depth ;  Max depth ;  

Drum  vol ume  ( l ) : a  Drum  vol ume  ( l ) :
 a  

Rated  capaci ty  (kg )
 a  

Cotton/syn theti cs  b l end :  

Design  of dryer 

Axis  (verti ca l  /  hori zonta l ):  Dryer l oad ing  (top  /  fron t) :  

Ai r vented  (yes  /  no):  Condenser (yes  /  no):  

Au tomatic  (sensor-control l ed )  (yes  /  no):  Timer con trol l ed  (yes  /  no):  

Heati ng  a l ternati ve  (e l ectri cal /s team/gas    

Cold  water connection  (yes/no)    

Rated  vol tage  (V):  Rated  frequency (Hz):  

Add i ti onal  i n formati on  (for example,  i ncl ude  here  i f appl i cable ,  reasons  why the  test  had  to  be  s topped  before  
completion  and  state  i f the  nom inal  test  l oad  mass  i s  not  equal  to  the  rated  capaci ty) :  

Page  number:  Number of pages  i n  th i s  report:  

a  As  appl i cabl e.  
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Table  D .2  – Test measurements  

Laboratory name and  add ress:  

Laboratory test  reference:  Laboratory sample  reference:  

Prog ramme 
setti ng ;  

  

 

  Symbol  Un i ts  

Noted  (n )  

Measured  
(m )  

Calcu lated  

(calc)  

Reported  
precisionb  

Run  1  Run  2  Run  3  Run  4  Run  5  Mean  S  

Date  of test    
yy/mm/

dd  
n  -                

Cond i ti oned  
test  l oad  mass  

W
0
 g  m  1                

Mass  of test  
l oad  after 
wetti ng  

W
i
 g  m  1                

Nom inal  i n i ti a l  
moistu re  
conten t  

µ
i o
 %  n  0 , 1                

I n i ti a l  
moistu re  
conten t  

µ
i j
 %  calc  0 , 1                

F i nal  test  l oad  
mass  

W
f
 g  m  1                

Target fi na l  
moistu re  
conten t  

µ
f0
 %  n  0 , 1                

F i nal  moistu re  
conten t  

µ
fj
 %  calc  0 , 1                

Measured  
e l ectri cal  
energy 
consumption  

E
e j
 kWh  m  0, 01                

Measured  
steam  energy 
consumption  

E
s j
 kWh  m  0, 01                

Measured  gas  
energy 
consumption  

E
g j
 kWh  m  0, 01                

Measured  
energy 
consumption  

E
mj
 kWh  m  0 , 01                

Corrected  
energy 
consumption  

E
j
 kWh  m  0 , 01                

Speci fi c  
corrected  
energy 
consumption  

E
s
 kWh/kg  calc  0 , 001                

Measured  
water 
consumption  

L
mj

 l  m  0 , 1                

Corrected  
water 
consumption  

L
j

 l  ca l c  0 , 1                
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  Symbol  Un i ts  

Noted  (n )  

Measured  
(m )  

Calcu lated  

(calc)  

Reported  
precisionb  

Run  1  Run  2  Run  3  Run  4  Run  5  Mean  S  

Speci fi c  
corrected  
water 
consumption  

L
s

 i /kg  calc  0 , 1                

Measured  
programme 
time 

T
mj

 min  m  0 , 5                

Corrected  
programme 
time 

T
j

 min  calc  0 , 5                

Speci fi c  
corrected  
programme 
time 

T
s

 min/kg  m  0 , 1                

Mass  of water 
col l ecteda  

W
w

 g  m  1                

Condensation  
effi ciencya  

C % calc 0 , 1                

Evaporation  
capaci ty  

E
C

 l /m in  calc                  

Exhaust a i r 
vol umea  

V m 3  ca l c  1                

Ambient  
temperatu re  

  °C  m  0, 1                

Ambient  
hum id i ty  

  % m  1                

Page  number:  Number of pages  i n  th i s  report:  

a  To  be  declared  on l y when  appl i cable.  

b  The  fi gu res  for reported  preci s ion  speci fy the  round ing  and  reporti ng  of va l ues.  As  an  example,  a  reported  
precis ion  of 0 , 001  means  that  the  resu l t  shal l  be  reported  rounded  to  3  d ecimal  p l aces.  
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Table  D .3  – Test condi tions  and  materials  

Laboratory name and  add ress:  

Laboratory test  reference:  Laboratory sample  references:  

Condi tions  during  the  drying  test  Average  Max M in  

Ai r temperature  around  the  tumble  d ryer (°C)        

Test  room  hum id i ty (%)        

E l ectri ci ty supply vo l tage  (V)        

E l ectri ci ty supply frequency (Hz)        

Water suppl y temperatu re  (°C)        

Water suppl y pressu re  (kPa)        

Suppl i ed  steam  pressure  (kPa)        

Suppl i ed  steam  temperatu re  (°C)        

Suppl i ed  gas  type        

Suppl i ed  gas  pressure  (kPa)        

Condi tions  during  the  wetting  of the  l oad  Average  Max M in  

Water suppl y temperatu re  (°C)        

Water suppl y hardness  (mmol /l )        

Water suppl y conducti vi ty (µS/cm)a        

Water supply a l kal i n i ty (mmol /l )a        

Wash ing  mach ine  used  (model  and  rated  capaci ty)    

Cond i ti ons  du ri ng  the  condi tion ing  of the  l oad        

Ambien t temperature  (°C)a        

H um id i ty (%)a        

Tumble  d ryer used  for bone  d ryinga  (model  and  rated  capaci ty)    

Bone  d ry convers i on  factor useda    

Cond i ti ons  du ri ng  the  normal i zi ng  of the  l oad        

Water suppl y temperatu re  (°C)        

Water suppl y hardness  (mmol /l )        

Water suppl y a l kal i n i ty (mmol /l )a        

Water supply conducti vi ty (µS/cm)a        

Method  used  to  prepare  the  water accord ing  to  EN  60734    

Page  number:  Number of pages  i n  th i s  report:  

a  To  be  declared  on l y when  appl i cable.    
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Annex E  
(normative)  

 
Procedure to  determine test load  size  where rated  capaci ty is  not declared  

E.1  General  

This  annex sets  ou t the  method  for the  determ ination  of test  l oad  mass  when  rated  capacity  

i s  not  declared .  

E.2  Determination  of the volume of the clothes  container 

The volume of the  clothes  container shal l  be  done  i n  accordance wi th  CLC/TS 50640: 201 5,  
Annex K.  

E.3  Determination  of the test load  

The test load  mass  shal l  be  calcu lated  as  fol lows:  

Test load  mass ,  i n  kg  =  Vc  /  30, 0  

where:  

Vc   =  the  clothes  conta iner volume (Vc  i n  l i tres)  
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Annex F  
(normative)  

 
Flexible  in i tial  moisture content method  

F.1  General  

This  annex sets  ou t an  approach  that forms  the  bas is  of a  s tandard  wh ich  characterizes  the  
energy consumption  of a  d ryer over a  wide  range  of in i tial  moisture  contents .  Us ing  th is  
approach ,  the  energy consumption  of a  d ryer can  be  accurate l y determ ined  for any speci fied  
in i tial  moisture content  (wi th in  a  defi ned  range)  wi thou t the  need  for add i ti onal  testing .  As  
the  energy consumption  of most d ryers  is  h igh l y l i near wi th  respect to  i n i tial  moisture 
content ,  th is  approach  has  been  found  to  be  accurate  for most d ryer types.  

Th is  method  a l l ows  the  performance parameters  energy consumption  and  programme time  
for a  speci fic i n i tial  moisture  content  to  be  calcu lated  from  energy consumption  and  drying  
times  measured  for two  other in i tial  moisture  contents .  I f the  l inear re lationsh ip  is  known,  
energy consumption  and  programme time  can  be  calcu lated  by l i near i n terpolation  for any 
in i tial  moisture  content  between  45  %  and  90  %.  

A l i near re lationsh ip  is  described  as:  

Y =  b  x  x  +  a  

where  

y i s  the  performance  parameter (energy consumption  or programme time ) ;  

b  i s  the  s lope  (as  calcu lated  i n  F . 3);  

x represents  the  i n i tial  moisture content  µ ;  

a i s  the  constant part of the  regression  l ine  (as  calcu lated  i n  F . 3) .  

Th is  method  is  on l y val i d  i f the  d rying  process  reaches  the  final  moisture  content  s tated  in  
Table  3  on  every test  run .  

F.2  Procedure  

Two test series  sha l l  be  performed  on  a  s ing le  tumble  dryer  as  described  in  Clause  8  bu t 
wi th  in i tial  moisture contents  between  45  %  and  90  % .  The  m in imum  d i fference between  the  
mean  in i tial  moisture contents  of the  two test series  shal l  not be  l ess  than  30  % .  The  in i tial  
moisture content  of every test run  i n  each  test series  shal l  be  main tained  wi th in  a  tolerance  

of ±  5  %.  

For condenser tumble  dryers ,  i t  i s  recommended  that the  external  water d ra in  i s  used .  

For non-automatic tumble  d ryers,  the  maximum  programme time shou ld  be  cons idered .  

F.3  Evaluation  

For each  of the  test runs  energy consumption  Emj ,  time  tmi ,  and  final  moisture  content  µ fj  
shal l  be  recorded .  Energy consumption  and  programme time  sha l l  be  corrected  regard ing  the  
measured  final  moisture  content  and  cond i ti oned  mass  as  fo l l ows:  
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Corrected  programme time :  
i f 0

i

0i f

mi

( )

( )
j

W
t t

W

m m

m m

−

−

    
=  

    
 

Corrected  energy consumption :  
i f 0

i mj

0i f

( )

( )
j

Wμ μ
E E

μ μ W

−

−

    
=  

    
 

‘a ’  and  ‘b ’  are  calcu lated  as  fo l lows:  

1
1

2
2 1

1

1

1

i i
xyi i

i xx
i

( )( )
( )( )

( )
( )

n
ni
i

n
n i
i

x x y y SSx x y ynb
x x SS

x x
n

=
=

=
=

∑ − −
∑ − −

= = =
∑ −

∑ −

 

Where  x  represents  the  moisture content  and  yi  i s  the  correspond ing  corrected  energy 

consumption  or programme time ,  x  i s  the  ari thmetic mean  of the  in i ti al  moisture content,  

and  y  the  ari thmetic mean  of the  corrected  measurands.  

a y bx= −  

For any requ ired  i n i tial  moisture content  x  the  correspond ing  energy consumption  and  

programme time  i s  then  ca lcu lated  by:   

y b x a= × +  

where   

a  and  b  are  the  values  as  calcu lated  above.  
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Annex G  
(normative)  

 
Performance testing  of steam  heated  tumble  dryers  

G.1  General  

This  annex speci fi es  the  i nstrumentation ,  i nsta l lation ,  test procedure  and  calcu lation  of energy 
consumption  for s team  heated  tumble  d ryers.  

G.2  Types  of steam  heating  – Steam  heated  tumble dryers  

Al l  steam  heated  tumble  d ryers  are  i nd i rect steam  heated  mean ing  that the  steam  energy i s  
transferred  to  the  d rying  ai r via  a  heat exchanger (steam  battery) .  The  energy of the  
condensate  water can  be  recovered  and  shal l  be  subtracted  from  the  tota l  s team  energy.  

G.3 Specification  of steam  properties  

G.3.1  Type of steam  

The steam  shal l  be  d ry saturated  s team.  Requ i red  steam  pressure  is  set by the  tumble  d ryer 
manufacturer i nstructions.  Maximum  pressure  for any test i s  l im i ted  to  1 , 4  MPa  and  wi th  a  
correspond ing  temperature  of 1 98  °C.  

G.3.2  Steam  generator 

The steam  generator shal l  be  large  enough  to  supply d ry satu rated  steam  to  the  d ryer under 
test at the  g i ven  steam  pressure  and  flow speci fied  by the  manufacturer throughou t the  fu l l  
test procedure.  I f d ry saturated  s team  not can  be  guaran teed  a  super heater shal l  be  added  to  
the  s team  boi led  so  s l i gh tl y superheated  s team  is  produced .  

The  i n l et water qual i ty to  the  s team  boi ler sha l l  be  i n  accordance  wi th  EN  1 2953-1 0 .  

G.4 Equipment and  instrumentation  

G.4.1  Test equ ipment for measuring  the  characteristics  of steam  

G.4.1 . 1  Flow meter for measurement  of steam  veloci ty and  mass  flow 

Flow meter in tended  for measurement of s team  flow.  The  fl ow meter shal l  be  able  to  to lerate  
the  requ i red  pressure  and  temperature  range  of suppl ied  steam.  

G.4.1 .2  Pressure  sensor for measurement of the  steam  pressure  

Pressure  transducer i n tended  for measurement of steam  and  wi th  a  pressure  range  from  0  to  
1 , 4  MPa.  

G.4.1 .3  Temperature sensor for measurement of the  steam  and  condensate  
temperature  

Temperature  sensor i n tended  for i ncom ing  steam  temperature  measurement:  temperature  
range  from  0°C to  200°C.  

Temperature  sensor i n tended  for condensate  temperature  measurement:  temperature  range 
from  0°C  to  200°C.  
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G.4.1 .4  Scale  for measurement of the  mass  of the  condensate  

Scale  to  be  used  for mass  measurement of the  condensate.  

G.4.1 .5  Steam  calcu lator 

To calcu late  the  steam  energy transferred  to  the  tumble  d ryer a  steam  calcu lator shal l  be  
used .  

The  ca lcu lator shal l  fo l l ow and  support fo l l owing  standard :  Formu lation  I APWS IF  97  for 
calcu lation  of the  energy ( I APWS I ndustria l  Formu lation  1 997  for the  Thermodynam ic 
Properties  of Water and  Steam)  

The  ca lcu lator shal l  be  able  to  correctl y calcu late  the  s team  energy for d ry saturated  steam  
and  for superheated  steam.  The  ca lcu lator shal l  a l so  preferabl y be  equ ipped  wi th  a  wet steam  
alarm .  

G.4.2  Instruments  

Parameter Un i t  M in imum  resolution  M in imum  accuracy 

Steam  flow m /sec ±  0 , 1  %  ±  1  %  

Temperatu re  °C  ±  0 , 1 K ±  1  K 

Pressure  kPa  ±  0 , 05  %  of set  range  ±  0 , 2  %  of set  range  

Masses  g  See  5. 6. 2  I nstruments  

 

G.4.2. 1  Measurements  

Parameter Un i t  M in imum  accuracy Add i tional  requ i rements  

Steam  energy kWh  ±  2  %  The  combined  m in imum  
accuracy refers  to  the  
steam  calcu lation  us ing  
the  steam  calcu lator,  
temperatu re  and  pressu re  
sensor described  above  

Condensation  water mass  g  ±1  %    

 

NOTE  I t  i s  probabl y not  possib le  to  fi n d  one  set  of equ ipment that  covers  the  fu l l  requ i red  pressure  and  fl ow 
ranges  for a l l  ki nd  of d ryers  under test.  

I f the  maximum  steam  pressure  is  set l ower than  1 , 4  MPa the  requ i rements  for the  equ ipment 
regard ing  max pressure  and  temperature  may be  l owered  as  long  as  i t  i s  i n  l i ne  wi th  the  
pressure  and  steam  temperature  de l i vered  by the  boi l er.  

G.5 Instal lation  

G.5.1  General  

I t  i s  very importan t that a l l  i nstrumentation  i s  i nsta l led  accord ing  the  manufacturers  exact 
i nstructions.  The  instal lation  can  be  made accord ing  two a l ternatives  and  the  d i fference  
between  the  a l ternatives  is  the  way the  amoun t condensate  is  measured .  

G.5.2  Instal l ation  of the  measurement equ ipment for ind i rect steam  heated  tumbler 
dryers. (Al ternative 1 )  

Figure  G . 1  shows  a  schematic  i nsta l l ation  of the  measurement equ ipment for i nd i rect steam  
heated  tumble  d ryers.  
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The  s team  flow en tering  the  measurement i nstruments  shal l  be  as  und isturbed  as  poss ib le  
and  therefore  the  s team  measurement equ ipment (1 )  shal l  be  p laced  together and  wi th  a  
stra igh t part of the  s team  suppl y p ipe  prior and  after the  i nstruments  accord ing  to  the  
i nstrument suppl iers  instruction .  

Also  the  tube  d iameter shal l  be  accord ing  to  the  i nstructions  and  shal l  not change i n  d iameter 
from  where  the  stra igh t suppl y s team  tube  starts  and  ends.  

The  steam  trap  (4)  shal l  be  p laced  so  condensed  water can  be  d rained  from  the  suppl y steam  
tube.  

The  shu t off va lve  (2)  and  the  steam  measurement equ ipment (1 )  shal l  be  p laced  as  close  as  
poss ib le  to  the  d ryer under test.  The  steam  suppl y p ipe  from  the  steam  measurement 
equ ipment (1 )  to  the  d ryer under test sha l l  not  be  l onger than  1 , 5  m .  

After the  s team  battery (6)  a  temperature  sensor (8)  shal l  be  insta l led  and  close  to  the  sensor 
a  s team  trap  (7)  shal l  be  p laced .  

 

Key 

1  suppl y s team  measurement  equ ipment cons isti ng  of s team  fl ow meter,  temperatu re  sensor and  pressure  
transducer.  

2  shu t  off va l ve  

3  i nd i rect  s team  heated  tumble  d ryer 

4  s team  trap  

5  d ra in  val ve  

6  s team  battery 

7  s team  trap  

8  temperatu re  sensor 

Figure G .1  – Schematic  instal lation  of the  measurement equ ipment  
for steam  heated  tumble  dryers  (Al ternative 1 )  
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G.5.3  Instal l ation  of the  measurement equ ipment for ind i rect steam  heated  tumble  
dryers.  (Al ternative  2)  

Figure  G . 2  shows an  a l ternative  schematic i nsta l lation  of the  measurement equ ipment for 
i nd i rect s team  heated  tumble  d ryers.  Th is  i nsta l l ation  wi l l  g i ve  a  poss ib i l i ty to  compare  the  
amoun t of steam  suppl ied  to  the  d ryer wi th  the  amount of condensate  water recovered  i n  the  
tank.  

The  steam  flow en tering  the  measurement i nstruments  shal l  be  as  und isturbed  as  poss ib le  
and  therefore  the  s team  measurement equ ipment (1 )  shal l  be  p laced  together and  wi th  a  
stra igh t part of the  s team  supply p ipe  prior and  after the  i nstruments  accord ing  to  the  
i nstrument suppl iers  i nstruction .  

Also  the  tube  d iameter shal l  be  accord ing  to  the  i nstructions  and  shal l  not change i n  d iameter 
from  where  the  stra igh t suppl y s team  tube  starts  and  ends.  

The  steam  trap  (4)  shal l  be  p laced  so  condensed  water can  be  d rained  from  the  suppl y steam  
tube.  

The  shu t off va lve  (2)  and  the  steam  measurement equ ipment (1 )  shal l  be  p laced  as  close  as  
poss ib le  to  the  d ryer under test.  The  steam  suppl y p ipe  from  the  steam  measurement 
equ ipment (1 )  to  the  d ryer under test sha l l  not  be  l onger th an  1 , 5  m .  

After the  s team  battery (6)  a  temperature  sensor (8)  shal l  be  insta l led  and  close  to  the  sensor 
a  s team  trap  (7)  shal l  be  p laced .  

The  condensate  is  recovered  i n  a  water tank (1 2)  p laced  on  a  sca le  (1 0) .  

The  condensate  water hose  from  the  steam  trap  to  the  tank is  equ ipped  wi th  a  d ra in  valve  (9)  
and  a  shu t off va lve  (1 1 ) .  The  hose  shal l  not have  any phys ical  connection  wi th  the  tank i n  
order not to  d isturb  the  mass  measurement of the  condensate  water.  
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Key 

1  suppl y steam  measurement equ ipment consisti ng  of s team  fl ow meter,  temperature  sensor and  pressure  
transducer.  

2  shu t  off val ve  

3  i nd i rect  s team  heated  tumble  d ryer 

4  s team  trap  

5  d ra in  val ve  

6  s team  battery 

7  s team  trap  

8  temperatu re  sensor 

9  d ra in  val ve  

1 0  scale  

1 1  shu t  off val ve  

1 2  water tank  

Figure G .2  – Schematic  instal lation  of the  measurement equ ipment  
for steam  heated  tumble  d ryers  (Al ternative 2)  

G.6 Preparation  for testing  

G.6.1  General  

The ambient cond i tions  shal l  fo l l ow the  speci fications  g iven  i n  5 . 2 .  The  tumble  d ryer shal l  be  
i nsta l led  accord ing  to  the  manufacturer’s  instructions.  The  d imension  of the  steam  hoses  shal l  
be  in  accordance  wi th  the  i nsta l lation  i nstructions.  

G.6.2  Ind i rect heated  tumble  dryer instal led  accord ing  to  Al ternative  1  

The tumble  d ryer shal l  be  prepared  for testing  accord ing  to  C lause  6  wi th  fo l l owing  add i tions:  

Before  the  s tart of a  test  series  the  tumble  d ryer under test shal l  be  run  once  wi th  a  fu l l  test  
l oad  accord ing  to  Table  4 .  After th is  i n i tia l  run  of the  tumble  d ryer under test  a  test series  shal l  
start wi th in  2  d  of the  i n i ti al  run  bu t  not sooner than  1  d  after the  clean ing  run .  Any remain ing  
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condensate  wi th in  the  test tumble  d ryer i tsel f shal l  not be  removed  between  the  i n i tia l  run  and  
the  start  of a  test  series.  

G.6.3  Ind i rect heated  tumble  dryer instal led  accord ing  to  al ternative  2  

The tumble  d ryer shal l  be  prepared  for testing  accord ing  to  C lause  6  wi th  fo l l owing  add i tions:  

Before  the  s tart of a  test  series  the  tumble  d ryer under test shal l  be  run  once  wi th  a  fu l l  test  
l oad  accord ing  to  Table  4 .  After th is  i n i tia l  run  of the  tumble  d ryer under test  a  test series  shal l  
start wi th in  2  d  of the  i n i ti al  run  bu t not sooner than  1  d  after the  clean ing  run .  After th is  i n i ti a l  
run  the  d ra in  va lve  (9)  shal l  be  opened  i n  order to  d rain  the  condensate  col lected  i n  the  
condensate  hose.  The  amount of water (see  G .7. 3)  i n  the  tank (1 2)  shal l  be  reset to  the  start 
l evel .  Any other remain ing  condensate  wi th in  the  test d ryer i tsel f may not be  removed  
between  the  i n i tia l  run  and  the  start  of a  test  series.  

G.7  Tests  for performance 

G.7.1  General  

This  subclause  contains  i n formation  about the  test procedure  for performance  measurements  
on  steam  heated  tumble  d ryers  and  the  add i tional  requ irements  needed .  

G.7.2  Performance  testing  of ind i rect steam  heated  tumble  dryer instal led  according  
to  al ternative  1  

Al l  performance  tests  shal l  be  accord ing  to  Clause  7  and  accord ing  to  fo l l owing  add i tional  
requ irements :  

The  tests  shal l  be  performed  wi th  the  steam  pressure  and  fl ow rate  recommended  by the  
manufacturer.  

Before  each  test run  the  steam  hoses  ou tside  the  d ryer under test shal l  be  fl ushed  wi th  steam  
ensuring  that the  steam  is  as  d ry as  poss ib le  when  entering  i n to  the  d ryer under test.  Close  
the  shut  off va lve  (2)  and  open  the  d rain  valve  (5)  and  fl ush  the  steam  unti l  no  condensate  i s  
vis ib le  i n  the  va lve  ou tl et.  The  fl ush ing  shal l  occur immed iate  before  the  s tart of the  test run .  
Close  dra in  valve  (5)  and  open  the  shu t off va lve  (2)  and  start the  test  run .  

The  measured  va lues  from  the  s team  measurement equ ipment (s team  pressure,  steam  flow 
rate  and  steam  temperature  shal l  be  recorded  by the  steam  energy calcu lator and  requ i red  
ou tpu t data  shal l  be  calcu lated  and  reported  accord ing  to  G .8. 2. 1 .  

The  mass  of steam  (kg)  calcu lated  by the  Steam  energy ca lcu lator shal l  be  recorded  and  
reported  accord ing  to  G . 8. 2. 3 .  

The  average  temperature  of the  condensate  shal l  be  recorded  via  the  temperature  sensor (8) .  

G.7.3  Performance  testing  of ind i rect heated  tumble  dryers  instal led  accord ing  to  
Al ternative  2  

G .7.3. 1  General  

Al l  performance  tests  shal l  be  accord ing  to  Clause  7  and  accord ing  to  fo l l owing  add i tional  
requ irements :  

The  tests  shal l  be  performed  wi th  the  steam  pressure  and  fl ow rate  recommended  by the  
manufacturer.  
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The  tank (1 2)  shal l  be  fi l l ed  wi th  water.  The  amount of water shal l  be  approximatel y 4  t imes  
the  expected  amoun t of condensate  and  the  vertical  water d istance  between  the  steam  outlet 
i n  the  tank and  the  water surface  shal l  be  so  h igh  that a l l  s team  not yet condensed  wi l l  
condensate  before  breaking  the  water surface.  The  mass  of the  tank (1 2)  wi th  water shal l  be  
recorded .  

Before  each  test run  the  steam  hoses  ou tside  the  d ryer under test sha l l  be  fl ushed  wi th  steam  
ensuring  that the  steam  is  as  d ry as  poss ib le  when  en tering  i n to  the  d ryer under test.  Close  
the  shu t off va lve  (2)  and  open  the  d rain  va lve  (5)  and  fl ush  the  steam  unti l  no  condensate  is  
vis ib le  i n  the  valve  ou tlet.  The  fl ush ing  shal l  occur immed iate  before  the  s tart of the  test run .  
Close  drain  valve  (5)  and  open  the  shu t off va lve  (2)  and  start the  test  run .  

The  measured  va lues  from  the  s team  measurement equ ipment (steam  pressure,  steam  flow 
rate  and  steam  temperature  shal l  be  recorded  by the  steam  energy ca lcu lator and  requ i red  
ou tpu t data  shal l  be  calcu lated  and  reported  accord ing  to  G .8 . 3. 1 .  

The  average  temperature  of the  condensate  shal l  be  recorded  via  the  temperature  sensor (9) .  

After each  test run  shu t off va lve  (1 1 )  shal l  be  closed  and  va lve  (9)  sha l l  be  opened .  The 
water i n  the  condensate  water hose  shal l  be  col l ected  and  poured  i n to  the  tank (1 2)  When  the  
condensate  water hose  i s  empty the  shu t off va lve  (1 1 )  sha l l  be  opened  again  so  any 
remain ing  water i n  the  condensate  water hose  can  fl ow i n to  the  tank (1 2).  

The  tota l  mass  of the  tank (1 2)  shal l  now be  recorded .  

G.7.3.2  Control  of accuracy 

The mass  of the  steam  suppl ied  to  the  tumble  dryer  as  ca lcu lated  by the  steam  energy 
ca lcu lator can  be  compared  wi th  the  mass  of the  condensate  calcu lated  as  the  d i fference  of 
the  mass  of the  tank after and  before  the  test run .  I f the  mass  values  d i ffer more  than  1 0  %  
the  run  shal l  be  regarded  as  not va l i d .  

G.8  Assessment of performance  

G.8.1  General  

This  subclause  sets  ou t the  evaluation  methods  for the  assessment of the  energy 
performance of steam  heated  tumble  d ryers .  

G.8.2  Evaluation  of performance of i nd i rect heated  tumble  d ryer instal l ed  according  
to  al ternative  1  

G .8.2 . 1  General  

This  subclause  sets  ou t the  evaluation  of suppl ied  s team  energy,  energy recovered  i n  the  
condensate  and  the  tota l  steam  energy suppl ied  to  ind i rect heated  tumbler d ryers  i nstal l ed  
accord ing  to  Al ternative  1 .  

G.8.2 .2  Evaluation  of suppl ied  steam  energy 

The steam  energy suppl ied  to  an  i nd i rect heated  tumbler d ryer Ei s t  i s  the  energy measured  by 

the  s team  energy ca lcu lator.  

G.8.2 .3  Evaluation  of the  energy to  be  recovered  through  the condensate  

The  recovered  energy of condensate  water Ecs  i s  ca lcu lated  as:  

Ecs  =  Mdst  x  Tc  /860  
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Tc  =  Tcs  i f Tcs  i s  <  1 00°C  

Tc  =  1 00°C i f Tcs  i s  ≥  1 00°C  

where  

Mdst  i s  the  mass  of s team  suppl ied  to  the  tumble  d ryer during  a  test run .  

Tc  i s  the  condensate  temperature  

Tcs  i s  the  temperature  recorded  by the  temperature  sensor (8)  

Wcs  i s  the  energy of the  recovered  condensate  

1 /860   i s  the  energy equ ivalent  

G.8.3  Evaluation  of performance of i nd i rect heated  tumbler dryers  instal led  
accord ing  to  al ternative  2  

G .8.3. 1  General  

This  section  sets  ou t the  evaluation  of suppl ied  s team  energy,  energy recovered  in  the  
condensate  and  the  tota l  steam  energy suppl ied  to  i nd i rect heated  tumble  d ryer insta l led  
accord ing  to  Al ternative  2 .  

G.8.3.2  Evaluation  of suppl ied  steam  energy 

The steam  energy suppl ied  to  an  i nd i rect heated  tumble  d ryer Ei s t  i s  the  energy measured  by 

the  s team  energy calcu lator.  

G.8.3.3  Evaluation  of the  energy to  be  recovered  through  the condensate  

The recovered  energy of condensate  water i s  ca lcu lated  as :  

Mcw  =  MT1  –  MT2  

Tc  =  Tcs  i f Tcs  i s  <  1 00°C  

Tc  =  1 00°C i f Tcs  i s  ≥  1 00°C  

Ecs  =  Mcw  x  Tc  /860  

where  

Mcw  i s  the  recovered  amount of condensate  water;  

MT1  i s  the  mass  of the  tank (1 2)  at  the  end  of the  procedures  described  i n  G . 7. 3;  

MT2  i s  the  mass  of the  tank (1 2)  at  the  s tart of the  test run ;  

Tc  i s  the  condensate  temperature;  

Tcs  i s  the  temperature  recorded  by the  temperature  sensor (8) ;  

Wcs  i s  the  energy of the  recovered  condensate;  

1 /860  i s  the  energy equ ivalent.  

G.8.4  Evaluation  of total  energy suppl ied  to  the  tumbler dryer by steam  

The total  steam  energy Est  for an  i nd i rect steam  heated  tumble  d ryer i s  equal  to:  

Est  =  Ei s t  -  Ecs  
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G.9  Data to  be reported  

The value  of the  total  s team  energy Est  and  the  mass  of the  suppl ied  steam  Mdst  shal l  be  

reported  i n  Table  D. 2 .  
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Annex H  
(informative)  

 
Performance testing  of gas  heated  tumble dryers  

H.1  General  

This  annex g i ves  references  to  CEN  standards  re lated  to  the  safety and  measurement of gas  
fi red  tumble  dryers .  

H.2  Instal lation,  testing  procedure and  calculation  of suppl ied  gas  energy 

The dryer shal l  be  i nsta l led  accord ing  to  reference g iven  i n  a  fu ture  s tandard ,  EN  ZZZZZ.  

NOTE  At the  t ime  of i n troducing  th i s  PAS,  the  concerned  document  was  not  ready for publ i cation ,  nor g i ven  an  
EN  number.  

Al l  safety i ssues  requ ired  shal l  be  fo l lowed .  

Speci fication  for the  gas  energy measurement i s  g i ven  in  Table  2 .  

The  testing  procedure  shal l  fo l low the  procedure  g iven  in  C lauses  6 ,  7  and  8.  

Formu lae  for calcu lati ng  the  suppl ied  gas  energy can  be  found  i n  EN  1 458-2.  
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Annex I  
(informative)  

 
Measurement of exhaust ai r volume 

I . 1  Procedure  

The volumetric fl ow rate  of exhaust a i r sha l l  be  measured  wh i le  the  tumble  dryer  i s  operati ng  
wi thout a  l oad  and  wi th  the  heater swi tched  off.  The  tumble  dryer  shal l  be  attached  to  the  
standard  exhaust described  i n  Annex  B  and  the  measurement shal l  be  made  us ing  the  
equ ipment described  i n  EN  I SO 51 67-1 .  

The  pressure  at the  ou tlet of the  s tandard  exhaust and  i n  the  vicin i ty of the  d ryer re lati ve  to  
the  envi ronment shal l  be  main tained  at 0  Pa  at the  operating  fl ow rate.  The  a i r temperature,  
hum id i ty and  pressure  shal l  be  maintained  at 23  °C,  55  %  RH  and  1 , 01 3  ×  1 05  Pa  
respective l y.  

NOTE  A formal  procedu re  for th i s  test  i s  under devel opment.  

I .2  Exhaust ai r volume 

Exhaust  a i r volume V i s  ca lcu lated  from  the  volumetric fl ow rate  and  the  duration  of the  test  

run  and  expressed  i n  cubic metres:  

V F t= ×   

where  

F i s  the  volumetric flow rate  measured  accord ing  to  EN  I SO  51 67-1 ;  and  

t i s  the  average  programme time .  
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Annex J  
(normative)  

 
Measurement of the  texti le  drying  temperature  

J .1  General  

The texti le  d rying  temperature  shal l  be  measured  by temperature  l oggers  placed  among  the  
test load  i n  the  d rying  basket and  fol l owing  the  l oad  during  the  d rying  procedure.  

J .2  Specification  of the loggers  

The speci fication  of the  temperature  l ogger i s  g i ven  in  Table  J . 1 .  

Table  J . 1  – Specification  of temperature logger su i table  for  
temperature  measurement for both  wash ing  and  drying  

Temperatu re  range  0  °C  – 1 50  °C   

Accuracy ≤  0 , 5  °C  over fu l l  range  

Resol u tion  ≤  0 , 1 °C  

Response  time  TC (1 0  – 90  %)a  water ≤  2  m in  

Response  time  TC (1 0  – 90  %)a  moving  a i r(2  m /sec)  ≤  5  m in  

Sampl i ng  rate  ≤  1 0  s  

Max mass  70  g  

a  TC  (1 0  %–90  %)  i s  the  t ime  i t  takes  for the  sensor to  traverse  between  1 0  %  
and  90  %  of i ts  fi nal  val ue.  Response  time  can  a l so  be  expressed  as  a  TC 63  %  
val ue.  The  63  %  fi gu re  i s  the  t ime  for the  sensor to  reach  63  %  of i ts  fi na l  va l ue.  
TC  1 0  %–90  %  and  the  TC 63  %  va lue  are  of approximately the  same  
magn i tude  for a  g i ven  sensor.  

 

J .3  Preparation  of the loggers  before measurement 

The temperature  logger shal l  be  p laced  i n  a  texti l e  pocket made of the  same fabric as  the  test 
load .  The  s i ze  of the  pocket shal l  not be  excessivel y l arger than  the  logger.  By doing  th is  the  
l ogger wi l l  be  protected  from  extens ive  shocks  when  h i tting  the  basket wal ls  and  a lso  any 
damage to  the  test load  wi l l  be  m in im ized .  The  pocket sha l l  be  closed  by cl ips  or by any other 

means.  

I n  order to  make  the  l ogger fol low the  motion  pattern  of the  test load  as  cl ose  as  poss ib le  the  
pocket shal l  be  attached  to  one  of the  med ium -sized  test sheets.  

J .4 Number of loggers  

Fol lowing  number of temperature  loggers  shal l  be  p laced  i n  the  tumble  dryer  d epend ing  on  
the  s i ze  of the  d ryer.  

The  number of temperature  l oggers  to  be  p laced  in  the  d ryer is  dependent on  the  s i ze  of the  
d ryer as  described  i n  Table  J . 2 .  
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Table  J .2  – Number of temperature  loggers  to  be  used   
during  a  texti le  drying  temperature  measurement 

Size  of drying  basket  Number of temperature  loggers  to  use  

<  200  l  2  

200  l  – 1  000  l  3  

>  1  000  l  4  

 

J .5 Measuring  the temperature  

The l oggers  shal l  be  p laced  in  the  m idd le  of the  load  before  the  d rying  sequence i s  s tarted .  I f 
more  than  one  logger i s  used  they shal l  be  p laced  even l y wi th in  the  d rum .  The  l oggers  shal l  
fol l ow the  d rying  texti l es  throughout the  d rying  process  unti l  the  end  of the  programme .  
D i rectl y after the  programme  end  the  l oggers  shal l  be  removed  and  the  l ogged  data  l oaded  to  

a  computer.  

J .6  Presenting  the resul t  

The temperature  data  obtained  by the  l ogger shal l  preferabl y be  presented  as  a  curve  
showing  the  temperature  during  the  whole  d rying  process.  The  resu l t can  be  presented  as  
i nd ividual  temperature  profi l es  for each  logger or as  a  mean  value  of the  l oggers  for each  time 
poin t.  

I f max drying  temperature  shal l  be  reported  max drying  temperature  shal l  be  defined  as  the  
h ighest temperature  measured  during  the  d rying  cycle  by any l ogger.  
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