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RESULTS OF A I  R-CHANGE-RATE MEASUREMENTS I N  
SWISS RESIDENTIAL BUILDINGS 

1 . INTRODUCTION 

Stud ies  c a r r i e d  o u t  a t  t h e  Swiss Federal  Labo ra to r i es  f o r  

Ma te r i  a l  s  T e s t i n g  and Research (EMPA)' ) and e l  sewhere 6'7'8) have shown t h e  

g r e a t  s i g n i f i c a n c e  o f  hea t  losses  due t o  n a t u r a l  v e n t i l a t i o n  i n  b u i l d i n g s .  

S ince t h e r e  were p r a c t i c a l l y  no da ta  a v a i l a b l e  on  a i r  change i n  b u i l d i n g s ,  

t h e  D i v i s i o n  o f  B u i l d i n g  Physics o f  EMPA under took,  i n  1975, a research  

p r o j e c t  aimed a t :  

- g a t h e r i n g  measurement da ta  on a i r  change from a  

s e l e c t i o n  o f  r e p r e s e n t a t i v e  r e s i d e n t i a l  b u i l d i n g s  , 
so as t o  p r o v i d e  improved methods o f  c a l c u l a t i n g  

v e n t i l a t i o n  losses as a  f u n c t i o n  o f  c l i n l a te ,  

des ign  and user  data.  

Resu l ts  ob ta i ned  so f a r  have been pub l i shed  i n  two r e p o r t s  s4) and one 
2 j o u r n a l  a r t i c l e  

AS 1 measurement r e s u l t s  r e f e r  t o  non-a i r -condi  t i o n e d  r e s i d e n t i a l  

homes i n  Swf tzer land ,  a  few o f  which had a d d i t i o n a l  exhaust  systems i n  

i n t e r i o r  t o i l e t  f a c i l i t i e s  o r  k i t chens .  

"Fhe r e p o r t s  o f  ENPA do n o t  d i scuss  t h e  p r e f e r a b i l i t y  o f  n a t u r a l  

v e n t i l a t i o n  as opposed to f o r c e d - a i r  systems i n  terms o f  t h e  Cen t ra l  European 

c l i m a t e .  On t h e  o t h e r  hand, t h e  r e s u l t s  c o u l d  be used as a  s o l i d  b a s i s  f o r  

comparing t h e  energy requi rements and c o s t  e f f e c t i v e n e s s  o f  n a t u r a l  and 

f o r ced -a i r  systems. 



PREFACE 

There i s  very l i t t l e  information a v a i l a b l e  on a i r  change r a t e s  i n  

r e s i d e n t i a l  bu i ld ings  t h a t  have some windows open t o  provide v e n t i l a t i o n :  

t h e  publ ished d a t a  a r e  u s u a l l y  f o r  bu i ld ings  t h a t  have t h e  windows and 

doors c lo sed .  This paper r e p o r t s  t h e  r e s u l t s  of some s t u d i e s  t h a t  were 

conducted i n  Switzer land on smal l  apartment b u i l d i n g s .  The a i r  change 

r a t e s  were measured us ing  a  t r a c e r  gas technique both wi th  t h e  windows 

c losed  and wi th  some p a r t i a l l y  open. The a i r  change r a t e  increased  by a  

f a c t o r  of 4 when t h e  windows on one facade were opened only a  few 

cent imeters .  This shows how d i f f i c u l t  it i s  t o  achieve adequate v e n t i l a t i o n  

without  i nc reas ing  excess ive  h e a t  l o s s  when windows a r e  used a s  t h e  v e n t i l a t o r s .  

The Div is ion  of Building Research i s  g r a t e f u l  t o  M r .  Robert ~ e r r g  f o r  

t r a n s l a t i n g  t h i s  paper  and t o  D r .  D .G .  Stephenson of t h i s  Divis ion who checked 

t h e  t r a n s l a t i o n .  

Ottawa 

A p r i l  1980 

C .B. Crawford 

Di rec to r  



2 ,  EXPERIMENTAL PROCEDURE FOR DETERMINING THE A I R  CHANGE I N  BUILDINGS 

HAVING CLOSED OR PARTLY OPEN WINDOWS AND DOORS 

A comprehensive overv iew o f  measuring techniques was pub1 i shed i n 

1967' 6). S I  nce then, however, t h e r e  have been f u r t h e r  developments i n 

measuri ng methods. Recent measurements have a1 so beeh c a r r i e d  o u t  and 

pub1 i shed  a t  a number of  research  i n s t i t u t e s .  There a r e  some shortcomings, 

however: 

- t h e r e  a r e  c o m p a t i b i l i t y  gaps between t h e  techniques 

and r e s u l t s  o f  t h e  i n s t i t u t e s  i n v o l v e d ;  

- measurements f o r  b u i  1 d i ngs  hav ing  c l osed  envelopes 

a r e  o f t e n  descr ibed  i n  every  d e t a i  1 , b u t  i n many cases 

t h e  v e n t i l a t i o n  hea t  losses  caused by occupants a r e  

predominant;  ve ry  1 i t t l e  i s  known about  t h e i r  causes 

and e f f e c t s ;  

- v e n t i l a t i o n  hea t  l o s s  computat ion r u l e s  based o n  t h e o r y  

and v e r i f i e d  expe r imen ta l l y  as a f u n c t i o n  o f  a l l  

e s s e n t i a l  parameters a r e  t o  be found  o n l y  i n  models. 

A survey o f  t h e  ac tua l  research  work which forms t h e  e s s e n t i a l  

p o r t i o n  o f  t h e  l i t e r a t u r e  c i t e d  here  i n d i c a t e s  t h a t  t h e  t r a c e r  techn ique  

(decay method) has become w i d e l y  accepted f o r  b u i l d i n g s  w i t h  and w i t h o u t  an 

occupant parameter 2 3 3 9 1 6 ) B  T h i s  techn ique  p rov ides  da ta  f o r  extreme w i n d  

c o n d i t i o n ,  wh ich  a r e  impo r tan t  i n  t h e  l a y o u t  o f  h e a t i n g  i n s t a l l a t i o n ,  as w e l l  

as da ta  f o r  boundary c o n d i t i o n  i n terms o f  r e s i d e n t i a l  hyg iene (e  .g . , under  

minimum wf nd and heavy use), and forms t h e  b a s i s  f o r  comput ing t r a n s i e n t  h e a t  

losses  needed f o r  dynamic energy requ i rement  computer programs. Very u s e f u l  

r e s u l t s  a r e  a l s o  p rov ided  by measuring t h e  a i r  p e r m e a b i l i t y  o f  b u i l d i n g  

components o r  o f  t h e  e n t i r e  b u i l d i n g  envel  ope2), and by model i n v e s t l  g a t i o n  

i n  w ind  t unne l s .  Un fo r tuna te ly ,  t r a c e r  gas measurements can o n l y  be c a r r i e d  

OU"G n specla9 cases, e.g., f o r  b u i l d i n g s  w i t h  warm-air  h e a t i n g  ''1 o r  i n  

v e n t i l a t e d  and a i r - c o n d i t i o n e d  b u l l d i  ngs. New approaches a r e  b e i n g  made by  

va r i ous  au tho rs  who i n v e s t i g a t e d  use r -o r i en ted  v e n t i l a t i o n  p a t t e r n s .  The 



problems i n v o l v e d  a r e  very  complex and would b e s t  be s t u d i e d  by a team o f  

engineers,  a r c h i t e c t s ,  behavioura l  s c i e n t i s t s  and p h y s i o l o g i s t s .  

~ r u n d r e t t " )  and De ~ i d s "  ) have pub1 i shed  r e p o r t s  o f  pro longed obse rva t i on  

o f  b u i l d i n g s  i n c l u d i n g  c l i m a t i c  data.  We know o f  few o t h e r  Eng l i sh  and 

American s t u d i e s  on t he  sub jec t .  P i l o t  EMPA s t u d i e s  have shown t h a t  

meaningfu l  user-parameter i n v e s t i g a t i o n  must meet t h e  f o l  l ow ing  c o n d i t i o n s  : 

- observa t ions  should be as unob t rus i ve  as p o s s i b l e  

(e.g., automat ic  camera); 

- e x t e n s i v e  indoor  and ou tdoor  c l i m a t i c  measurement 

shou ld  be c a r r i e d  o u t  s imu l taneous ly  ; 

- users should subsequent ly  answer d e t a i l e d  ques t ionna i res ;  

- a d d i t i o n a l  a i r -change measurements should be made i n  

s u i t a b l e  areas o f  t h e  b u i l d i n g  under s tudy .  

3 .  OVERVIEW OF THE TEST BUILDINGS AND OF THE EXPERIMENTS CARRIED OUT 

A v a r i e t y  o f  t e s t  b u i l d i n g s  were needed t o  p rov ide  a comprehensive 

survey of  t h e  s i t u a t i o n  i n  e x i s t i n g  b u i l d i n g s .  Except f o r  a  few b u i l d i n g s  

s e r v i n g  o t h e r  purposes, we t e s t e d  t he  r e s i d e n t i a l  b u i l d i n g s  descr ibed  i n  

Table I. Tes t  b u i l d i n g  p r o p e r t i e s  d i f f e r e d  i n  terms o f  age ( f r om 2 t o  abou t  

70 yea rs ) ,  occupancy ( s i  ngle-fami l y  o r  mu1 ti - fami ly  homes), des ign  , 
c o n s t r u c t i o n  and wind exposure. 

The measurement techniques used by EMPA a r e  f u l  l y  descr ibed  i n 

re fe rences  2 and 3. Air-change measurements u s i n g  t r a c e r  gas (N20) were 

c a r r i e d  o u t  i n  each case. Furthermore, a i r  permeabi 1  i t y  was o f t e n  determined 

f o r  i n d i v i d u a l  b u i l d i n g  components, though n o t  as y e t ,  f o r  t h e  e n t i r e  

b u i l d i n g  envelope. C e r t a i n  user  parameters were a l s o  s t u d i e d  f o r  b u i l d i n g s  

A-C and F ,  



TABLE I 

Outline o f  test building; air change measurement results in residential units 

Test building Measurement results 
-- 
No. Type Age Building Structure No. of Floor plan, No. of Coments Outside Area of Wind AT A P 

of in exposure (buildin floors/ living area rooms walls of test Velocity Direction (TI-Ta) (pl-pa) n~ 

build- years envelope! test shaded in test test unit unit (m/s 
i ng point unit/ with (m2)/ [ Kl [Pal 

(floor) furnished windows vol . 
Ch-ll 

or doors (m3) 

A MFH 4 partially -woodwin- 8/ 2/ Floor plan SW wall 28.5/ 1.2 E/SE 17.0 0 0.09 
+ exposed dowwith 7 8 elevation 71.5 3.5 NE 20.5 1.5 0.17 
B doubl e staggered 5.5 N/NE 14.5 - 0.5 0.2 

glazing 
- double- 8/ 
s he1 1 8 
concrete 
member 
walls 

- flat roof 
1 

C MFH 4 partially analogous 91 541 Floor plan NE wall + 46.6/ 1.3 NE/SE 19.5 1 .O 0.06 'm 
exposed to A + B 7 no & elevation SE wall + 117 2.0 NW 11.5 + 0.2 0.07 1 

staggered NW wall 

D MFH 3 fully analogous 8/ 5/ Elevation E wall + 47-11 2.2 N/NE 12.5 - 2.0 0.33 
exposed to A + B 5 no staggered W wall 118 8.5 SW 17.0 -28.0 0.97 

8.5 SW 14.0 -32.0 1.12' 



'19 
met , 





4. RESULTS AND DISCUSSION 

4.1. Resu l t s  f o r  b u i l d i n g s  w i t h  c losed  windows and doors 

Tab le  I con ta i ns  t h e  r e s u l t s  o f  measurement o f  n a t u r a l  a i r  change 

i n  t h e  l i v i n g  areas o f  a l l  t e s t  b u i l d i n g s  (some w i t h  a d j o i n i n g  areas, e.g., 

c o r r i d o r ,  a t t i c )  f o r  va r i ous  wind c o n d i t i o n s  and d i f f e r e n t i a l  temperatures.  

The va lues of a i r  change r a t e s  a r e  r e l a t i v e l y  low th roughou t ,  b u t  a r e  

conf i rmed and suppl  emented by s i m i l a r  r e s u l t s  f r om  o t h e r  au thors  13,17) 

C e r t a i n  boundary c o n d i t i o n s  such as l i g h t  wind, wind p a r a l l e l  t o  t h e  main 

a x i s  o f  t h e  b u i l d i n g ,  r e l a t i v e l y  smal l  gap l e n g t h  o r  " t i g h t "  c o n s t r u c t i o n  l e d  

t o  t h e  ex t reme ly  low a i r  change r a t e s .  Even t h e  va lues f o r  l e s s  t i g h t  

c o n s t r u c t i o n ,  such as o l d e r  b u i l d i n g s ,  do n o t  exceed an a i r  change r a t e  o f  

about 0.6 h" f o r  c l osed  windows a t  t h e  p r e v a i l i n g  w ind  v e l o c i t i e s  f o r  t h e  

Cent ra l  European w i n t e r  c l i m a t e .  Th i s  i n d i c a t e s  t h a t  n a t u r a l  v e n t i l a t i o n  

does n o t  meet t h e  requi rements  f o r  r e s i d e n t i a l  hygiene i n  spaces o f  h i g h  

occupancy when t h e  b u i l d i n g  envelope i s  r e1  a t i v e l y  a i r t i g h t .  

We r a n  a  s e r i e s  o f  measurements t o  determine what amount o f  a i r  

l e a v i n g  a  space was rep laced  d i r e c t l y  o r  i n d i r e c t l y  by a i r  f r om  o u t s i d e ,  and 

from a d j o i n i n g  spaces. I n  these i n v e s t i g a t i o n s ,  doors  were c losed,  usual  l y  
w i t h  a  gap o f  severa l  m i l l i m e t e r s  a t  t h e  doors tep.  By comparing t h e  a i r  

change r a t e s  of each space measurement w i t h  t h e  " t o t a l  space measurement" o f  

t h e  l i v i n g  u n i t ,  we were a b l e  t o  make an e v a l u a t i o n  w i t h  r e l a t i v e  ease. 

Depending on t h e  ci rcumstances, t h e  a i r  i n  each space was rep laced  f r om 10  t o  

50% by  t h e  a i r  f r om  a d j o t n i n g  spaces. Th i s  con f i rms  t h e  p r i n c i p l e  t h a t  a i r  

change measurements, from an energy p o i n t  o f  view, shou ld  always encompass 

t h e  e n t i  r e  r e s i d e n t i a l  u n i t  ( s o - c a l l  ed t o t a l  space measurement). 

I n  terms o f  p o s s i b l e  hea t  l o a d  v a r i a t i o n s  w i t h i n  a  b u i l d i n g ,  i t  i s  

impo r tan t  t o  know t o  what e x t e n t  n a t u r a l  v e n t i l a t i o n  losses  may v a r y  a t  

extreme weather l o c a t i o n s .  We t h e r e f o r e  determined t h e  r a t i o  o f  a i r  change 

r a t e s  i n  c o n d i t i o n s  o f  heavy wind b low ing  d i r e c t l y  a g a i n s t  t h e  windows, as 

w e l l  as a t  locations o f  l i g h t  wind. Th i s  r a t i o ,  as a  c h a r a c t e r i s t i c  f o r  

"wind s e n s i t i v i t y "  o f  a  r e s i d e n t i a l  u n i t ,  f l u c t u a t e d  i n  ou r  observa t ions  

between r o u g h l y  2-5 f o r  l o c a t i o n s  she1 t e r e d  f rom t h e  w ind  and espec ia l  l y  



a i r t i g h t  s t r u c t u r e s ,  and 5-8 f o r  s t r u c t u r e s  i n  exposed l o c a t i o n  o r  o f  l e s s  

~ a i r t i g h t  c o n s t r u c t i o n  and designed accord ing  t o  t h e  open concept.  

4.2. Stud ies  o f  t h e  e f f e c t  o f  occupants on a i r  change 

I t  takes o n l y  a  few r e s u l t s  t o  show t h e  complex i t y  o f  de te rm in ing  

t h e  e f f ec t  of  occupants on v e n t i l a t i o n  l osses .  

F igure  1 
Test  gas concen t ra t i on  

Time t [ m i  n ]  

The e f f e c t  o f  window ape r tu re  on t h e  a i r  change i n  a  r e s i d e n t i a l  u n i t  
( t e s t  b u i l d i n g  D i n  Table I) under u n i f o r m  wind c o n d i t i o n s  ( n o r t h  

wind v  about 3-4 m/s) and f o r  an indoor /ou tdoor  
meantemperature d i f f e r e n c e  o f  15 K. 

9 ) Windows and doors c losed  nL = 0.4 h  - 1 

2)  W-side windows open 10 cm n, = 1 .S h-' 

3) One sash open 45' on b o t h  
W and E s i des  

Measurements f o r  f i x e d  p o s i t i o n  o f  windows and doors p r o v i d e  a  

f i r s t  l o o k  a t  t h e  scope o f  p o s s i b l e  i n f l u e n c e s  exe r ted  by occupants.  Out o f  

a  s e r i e s  o f  i n v e s t i g a t i o n s ,  such as t h e  e f f e c t  o f  va r i ous  window p o s i t i o n s  on  

a i r  change i n  each space, o r  t h e  e f f e c t  o f  " v e n t i l a t i n g "  a d j o i n i n g  spaces on 

a i r  change, o r  t h e  v a r i a t i o n  o f  a i r  change i n  t o i l e t s  and k i t chens  as a  

f unc t i on  of  t he  ope ra t i on  o f  exhaust  fans ,  o r  aga in  t h e  measurement o f  a i r  

change i n  r e s i d e n t i a l  u n i t s  when door and window opening cyc les  a r e  repea ted  

over  pro longed per iods ,  we w i l l  now cons ider  t h e  r e s u l t s  from t h e  f i r s t  

group. I n  a  l a r g e  r e s i d e n t i a l  u n i t  ( t e s t  u n i t  D) ,  under t h e  most u n i f o r m  

temperature and wind c o n d i t i o n s  poss ib l e ,  t h e  a i r  change r a t e  was determined 



as a f u n c t i o n  o f  va r i ous  window p o s i t i o n s  (see F igure  9 ) .  Even a smal l  

opening i n  t h e  window (curve 2) increased t h e  a i r  change r a t e  by one o r d e r  o f  

magnitude i n  terms o f  t h e  c losed  window, which unde r l i nes  t h e  poor  

a d j u s t a b i  1 i ty o f  o r d i n a r y  swinging-casement windows. The so -ca l l ed  d r a f t  

system of v e n t i l a t i o n  inc reased  t h e  a i r  change r a t e  by t h i r t y  t imes.  Such 

r e s u l t s  show t h a t  s h o r t ,  i n t e n s i v e  v e n t i l a t i o n  produces a ve ry  r a p i d  and 

cornpl e t e  a i r  change. 

Under t h e  d i r e c t i o n  o f  EMPA, P .  E g o l f  (Lucerne Engineer ing School )  

observed occupant behaviour i n  t e s t  u n i t s  A/B/C f o r  24 hours d u r i n g  two 

s e l  ec ted  days. For these per iods ,  t h e  e f f e c t i v e  v e n t i l a t i o n  hea t  1 osses were 

a l  so c a l  c u l  ated, and compared w i t h  t he  hea t  t r ansm iss ion  I osses . The process 

i n v o l v e d  was based on t h e  p r i n c i p l e s  o u t l i n e d  i n  s e c t i o n  2, and i n c l u d e d  t h e  

f o l l o w i n g  s teps : 

- measuring t h e  a i r  change r a t e  i n  a  re fe rence  d w e l l i n g  

under va r i ous  c l  i m a t i c  c o n d i t i o n s  (windows c l osed  and 

opened t o  d i f f e r i n g  degrees) ; 

- deve lop ing  a computat ion techn ique  f o r  v e n t i l a t i o n  

losses  as a f u n c t i o n  o f  a l l  p o s s i b l e  parameters; 

- observ ing  t h e  occupant d u r i n g  s e l e c t e d  per iods  ( s l i d e s  

taken  a t  i n t e r v a l s  o f  1 5  o r  30 minutes) ,  w h i l e  s i m u l -  

taneously  measuring cl i m a t i c  condi  t i o n s  and energy 

consumption; 

- e v a l u a t i n g  t h e  photos s t a t i s t i c a l l y  (see F igu re  2 ) ;  

- c a l c u l a t i n g  the  v e n t i l a t i o n  and t ransmiss ion  hea t  l osses 

d u r i n g  t h e  course o f  a  day, and comparing them w i t h  t h e  

measured energy consumption (see F igu re  3 ) .  



F i  gure 2 
Frequency o f  open r o l l  e r  b l  i nds (bedroom) 

,'I 

Frequency o f  open windows (bedroom) 
H.14 

S t a t i  s t l c a l  e v a l u a t i o n  of  about  30 bedroom window and r o l  l e r o b l  i n d  
p o s i t i o n s  on a  sunny day i n  February (n igh to tempera tu re  5 C, 

peak af ternoon tempera tu re  17 C). 

F i g u r e  3  
Ene,rgy consumption 
6 [HI 

Time 

Comparison o f  v e n t i l a t i o n  and t r ansm iss ion  losses  i n  s e l e c t e d  4-room 
d w e l l i n g s  i n  b u i l d i n g s  (A, B, on a  sunny day i n  February 

(same as i n  F igu re  2, 8 ' f o r  each dwe l l  i n g )  . 
9 ) Transmiss ion losses  (s teady s t a t e  c a l c u l a t i o n )  
2) V e n t i l a t i o n  losses  (s teady s t a t e  c a l c u l a t i o n  

a t  h a l f - h o u r  i n t e r v a l s )  

3 )  T o t a l  losses 

4 )  Measured hea t i ng  energy needs 
(may be compared w i t h  cu rve  3 )  



m e  r e s u l t s  i l l u s t r a t e  t h e  f r e q u e n t  wrong use o f  v e n t i l a t i o n .  I n  

f ac t ,  about  30% o f  a l l  bedroom windows were open c o n s t a n t l y  between 8:00 a  .m. 

and 6:00 p.m. It i s  wo r th  n o t i n g  t h a t  t h e  e f f e c t i v e  v e n t i l a t i o n  l osses  were 

o f  t h e  same o r d e r  of magnitude as t h e  t r ansm iss ion  l osses .  The f a c t  t h a t  t h e  

measured energy consumption was s u b s t a n t i a l  l y  smal l  e r  than  t h e  c a l c u l a t e d  

consumption i s  due t o  hea t  ga ins  f r om s o l a r  and e l e c t r i c a l  energ ies .  

5, CONCLUSIONS AND PROSPECTS 

Cur ren t  i n t e r n a t i o n a l  research  work i s  aimed p r i m a r i l y  a t  deal  i ng 

w i t h  a c t u a l  s f t u a t i o n s  i n  b u i l d i n g s ,  i n  t h e  hope o f  i n t r o d u c i n g  Improved 

c a l c u l a t i o n  techn ique  f o r  t h e  des ign  o f  h e a t i n g  i n s t a l l a t i o n s ,  dynamic 

c a l c u l a t i o n s  f o r  h e a t i n g  and c o o l i n g  loads,  as w e l l  as  comparisons o f  

e f f e c t i v e  a i r  change r a t e s  w h i l e  m a i n t a i n i n g  op t ima l  comfo r t .  The r e s u l t i n g  

da ta  shou ld  make i t  p o s s i b l e  t o  i n f l u e n c e  b u i l d i n g  c o n s t r u c t i o n  and occupant 

h a b i t s  i n  such a  way t h a t  f r e s h  a i r  o f  a s u i t a b l e  q u a l i t y  I s  a v a i l a b l e  i n  t h e  

r i g h t  p l a c e  and i n  t h e  p roper  amounts. T h i s  f r e s h  a i r  i s  t o  be p rov ided  w i t h  

the l e a s t  p o s s i b l e  energy consumption, w i t h  due c o n s i d e r a t i o n  f o r  t h e  l i f e  

c y c l e  c o s t .  EMPA Js c a r r y l n g  o u t  long- te rm i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  

c l i m a t e  on a s imp le  bus ' ld ing and o f  t h e  behaviour  o f  occupants i n  

mu1 t i - f a m i l  y dwe l l i ngs .  I n t e r n a t i o n a l l y ,  t h e  f o l  l ow ing  work i s  under way: 

member c o u n t r i e s  o f  t h e  I n t e r n a t i o n a l  Energy Agency have undertaken a  

l a r g e - s c a l e  p r o j e c t  (es tab l i shment  o f  a  research-documentat ion c e n t r e ,  

seminar on measuring techniques, research  p r o j e c t s )  ; w i t h i n  t h e  framework o f  

t h e  CIB, t h e r e  I s  an i n t e n s i v e  exchange o f  research  r e s u l t s .  
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