
THERMAL PERFORMANCE OF 
WOOD W NDOWS AND DOORS 

According to a r e c e n t  s tudy  co~nducted by * A r c h i t e c t u r a l  Record," energy conservat ion is one of 
the h i g h e s t  ranking cons idera t ions ,  nationwide, when d e s i g n e r s  s e l e c t  :ruilding m a t e r i a l s  f o r  
new cons t ruc t ion .  Due to t h e  energy c r i s i n  o f  1974 and subsequent energy conservat ion codes 
and l e g i s l a t i o n ,  caple te  and d e t a i l e d  thermal performance d a t a  is  be ing  requ i red  f o r  windows 
and c%ors, f o r  use  i n  ana lyr ing  t h e i r  c o n t r i b u t i o n  to t h e  energy load  of  t h e  e x t e r i o r  bu i ld ing  
envelope. Much o f  this d a t a  is  c u r r e n t l y  tmssd on eng ineer ing  c a l c u l a t i o n  o r  g l a s s  p r f o m n c e  
tables. 

has conducted c o n t r o l l e d  l a b o r a t o r y  t e s t i n g  o f  modern window and door des igns  t o  v e r i f y  
t h e i r  c a l c u l a t e d  o r  publ ished design t h e m 1  performance. Tests were a l s o  conducted t o  explore  
how v a r i o u s  t e s t i n g  techniques1 a f f e c t e d  the measured performance of  windows and doors.  me 
g e n e r i c  window and door constl:uctions used f o r  t h i s  p r o j e c t  were s e l e c t e d  from t h e  c u r r e n t  m m -  

t i o n  o r  were purchased from l o c a l  r e t a i l  o u t l e t s .  Each window was t e s t e d  with  
n a t i o n s  of s i n g l e  g laz ing ,  i n s u l a t e d  g l a z i n g ,  removable double g l a z i n g  o r  

' 

The v a r i o u s  door c o n s t r u c t i o n s  were tested a s  s e p a r a t e  slabs, without  being 
machined f o r  hardware o r  i n ~ t ~ a l l a t i o n .  Addi t ional  tests were conducted wi th  doors  i n s t a l l e d  

o r  metal door frame assemblies.  U1 units were t e s t e d  i n  accordance with  n a t i o n a l l y  
ad test methods f o r  t h e m 1  t r a n d t t a n c e  and a i r  i n f i l t r a t i o n .  Severa l  experimantal 
re also conducted t o  more c l o s e l y  s tudy  the specif(ic e f f e c t s  o f  u n i t  design o r  test 

The r e p o r t  i t s e l f  is divided i n t o  s e p a r a t e  s e c t i o n s  on windows and doors.  The r e s u l t s  of 
this s tudy  f o m  an o v e r a l l  view of t h e  thermal t r a n d t t a n c e  performance c a p a b i l i t i e s  of 
window and door designs.  Colitparisone are drawn among t h e  var ious  u n i t s  and t e s t s  conduct 
t h i s  study. The r e s u l t s  o f  t h i s  s tudy a r e  also r e d  to the design performance d a t a  con- 
t a i n e d  i n  t h e  ASHRAE Handt>ook and Product Dir,ectory, 1977 Pundnmntale  Volume. Dotai led a ~ l p l e  
d e s c r i p t i o n s ,  test methods, c a l c u l a t i o n  procedures  and m e t r i c  convers ions  a r e  contained i n  t h e  
Appendix. 

TPle them1 wrfornranccr t e s t i n g  o f  windows was d iv ided  i n t o  four  phases.  Each phase was s t r u c -  
tu red  to s tudy  a p a r t i c u l a r  modif icat ion,  v a r i a t i o n  o r  e f f e c t  of t h e  t e s t i n g  method. A b r i e f  
d e s c r i p t i o n  o f  t h e  windows t e s t e d  dur ing  this s tudy  is contained i n  Tabla l. A l l  window u n i t s  
were approxJlaately 3' wide try 4 ' h i g h  and were t e s t e d  wi th  only t h e  g laz ing  combinetions sup- 
p l i e d  by t h e  raanufacturer. Whenever p r a c t i c a l ,  however, f a c t o r y  i n s t a l l e d  storm p a n e l s  or 
stora wi -re removed t.o o b t a i n  d a t a  f o r  t h e  p r i m  win- with  s i n g l e  g l a z i n g  on ly ,  & r e  

lete dascr ipeiosls  o f  t h a  test wits M U l e i r  g l a z i n g  i n a t i o n s  a r e  c o n t a i n d  i n  
Apwndix A. 

For ease o f  i son  wi th in  t h i s  s tudy ,  and f o r  c o q a r i s o n  with  publ ished thermal des ign  
i n f o m t i o n ,  the r e s u l t s  o f  each i n d i v i d u a l  test have b e n  c o r r e c t e d  to A+jHW\E Standard Winter 
b s i g n  m n d f t i o n s  o f  still a i r  on &he i n t e r i o r  (h 1 - 4 6  BTU/hc.-rrq,It,- P) and 1 5  t4Pll on the 
e x t e r i o r  bh = 6.0 BTU/hr.-clq.ft.- P ) ,  u n l e s s  o thhrwi re  noted. 

0 



PHASE I - Thermal Transmittance of  Windorm Under S t a t i c  Afr Conditions 

The Phase I tests ware conducted to e s t a b l i s h  the b a s e l i n e  t h e d  performance of  t h e  sample 
window under s tat ic wind condition#. The f e sk  coruia ted  o f  measuring tha  thdrnlal parfonaance 
of  eleven gener ic  Mod and aluminurn window designs w i t h  various wfnbinations of  r ing16 glazing,  
insula ted  glazing,  r m v a b l o  double g las ing  (RDG) and H30d O r  a l d n r r m  storm window. Tes ts  f o r  
t h i s  phase ware conducted i n  accardance with ASTM C-236-66(71), "Standard Test  Method f o r  
Thermal C ~ n d u c t a n ~  and T r a n a m i t t a n ~ e ~ o f  Built-Up Sect ions by Means of  thij Guardad Hot Box," 
with a co ld  chamber temperature of 18 F, a warn chamber tamparature of  68 F, and tul e x t e r i o r  
and i n t e r i o r  wind condit ion of  e s sen t i a l ly  st i l l  air (40 to 60 f t .  per  lain. ve loc t ty l .  The 
IXSult. o f  each t e s t  ware then a d j w t a d  to t he  ASHRAB Standard Winter Design conditions 
described previouely. I n  a l l ,  twenty-eight t h e d  tests were conducted during this phase. 

The r e s u l t r  from Phase I (Table 2) i nd ica t e  that the  performance of  each window u n i t  was 
bas i ca l ly  dependent upon the  glaaing combination present  i n  t he  u n i t  duringothe t e s t .  Tl~e 
U-values f o r  s i n g l e  glazed windows ranged from 0.72 % 1.06 BTO/hr.-sq.ft.- F insula ted  
glazed u n i t s  ranged from 0.47 to 0.66 BTU/hr.-rq.ft.- P. 

In  general ,  t he  addi t ion  o f  a storm window, e i t h a r  o r  al\aninl~m framod over a s i n g l e  
glazed prime window, increased the  thermal e f f ic iency  o f  the p r h  window by 44% to 551t, 
depending on the design of  t he  prima u n i t  and tha thickness of  t he  enclosed a i r  space. A 
408 to 47% reduction i n  hea t  l o s s  was also obtained by placing the  storm window over an in- 
su la ted  glazed p r i m  unit .  It ohould be notad that all a l d n m  prinralstom window rornbina- 
t i ons  b id  a m t a i n  a thermal break i n  the  window frame. This  t h e m 1  break was by-passad in 
i n  some cases when t he  a t o m  window waa not in place. 

F'or casement window, conventional storm windovs cannot be i n s t a l l e d  without impairing the  
operat ion of  t h e  unit .  Thus, removable double glazed panels  (RDG) were instcllled d i r a c t l y  to 
the window sash. There the  improvement i n  U-value was about 45% f o r  s i n g l e  glazed prime 
windows, aurd 298 f o r  insula ted  glazed prime windows. The RDG panel was a l s o  e f f e c t i v e  whsn 
i n s t a l l e d  on a s ing le  glazed double hung window, though not  a s  effective a s  the  stem 
window. 

Table 3 shows a comparison between the r e s u l t s  of t he  Phase I t e s t s  and the  t h e m 1  design 
values l i s t e d  i n  the ASHRAE Handbook and Product Directory, 1977 F'undaxnentals Volume. Overall,  
the r e s u l t s  from Phase I compared well with the  ASHRAE values, with window t e s t  values 
averaging 128 b e t t e r  than thei data l i s t e d  f o r  80% glazed wood windows. Aluminrrat s ing le  glnlcsd 
windovs averaged 108 b e t t e r  than the A S H W  metal win- values, and double glazed and insu- 
l a t ed  glazed aluminm windows ranged from 6% b e t t e r  to 14% worse than the  MHW values f o r  
m e t a l  windows with thermal bar r ie rs .  

The second phase of  the p ro j ec t  consisted o f  r e t e s t i n g  three of the  
t e s t ed  under Phase I (Units 19-77, 110-97, and 111-771, under a modified t e s t  procedure. The 
r e t e s t s  on thew u n i t s  were conducted under the  saw, procedures rued during Phase I, except 
that a 15  MZH wind horizontal  and p a r a l l e l  to the plane of  g lar ing  was applied to t he  e x t e r i o r  
of the  uni t .  The Phase I1 t e s t s  were conducted to ve r i fy  the  ca lcula t ion  techniques and tk 
air f i b  oo-ef f ic ien ts  u s 4  fo r  correct ing the  masured  f o m n c e  values t o  the $tandoI.d 
Winter Design w n d i t i o w .  S ix  t h e m 1  tests were perfo under Phase XI. Both the Phase I 
and Phase I1 tests vers conducted on the  u n i t s  without r-ving tharrr froar the  1: 

be tests. 

t h a t  the r e s u l t s  f roc~  the  Phaae 11 t e s t i n g  -re 178 t o  45% vora t he 
s e  I ,  Sin- both sets of  values wsre a d j w t a d  to the  aanrs Stand n t e r  

Design corrditions, and s h c o  panel conduc e, (C)#  is theo re t i ca l ly  indewndent 0f tenr 
w i n d ,  both s e t s  of vlu:*&s shdA, kav@ approximately 1, a l l w i n g  f o r  

r. 

A c lose r  lcok a t  the  raw l& data  revaalad that whilo there was a 8 ign i f i can t  inersase  i n  heat. 
flaw during t e s t a  conducted with the wind appliad,  t he re  was not a corresponding change i n  the 
sur face  a t u r e  readings to t o  f o r  t he  increased h s s t  flaw. mnsaguently, the  
panel sohdwstance values obta in  m s i g n i f i c a n t l y  higher than Uloso ob- 

rat Phase I. Rrrther ,  the e x t e r i o r  f i b  uc tmce  value@, (h1 ca lcula tad  f m  the  
upis readings and haat  flow w much higher than could be j w a f i d  

ured w i n d  w l o c i t i e s .  (Exterior  f i l n  condw&ance@ ranged frcla 5.7 to 9.9 
~ r n m , - m ~ . f e . - O ~ ,  & i l a  tlre wind v m i d  only s l i g h u y  b m  the  prelctcrhM 15 !@H). I n t e r i o r  



war oaauning during &e t r r t  by 
glaring and frraw. 

U t a r t8  were mtduoted to doterain. i f  rir M i l t r a t i o n  war m influencing factor 
during th. pravioua th.rpal t ranrai t tanm teats.  Phase TIX oonsirted af rpsmovin 

u s t r i p  from Units 19-77, 110-77, urb 111-77, and roter t in  f1.d uni t  Z ~ P  
oxman- under both wind c o n d i t f m  de rc r ikd  previourly, 
wuy urd reprodueable way of varying t h m  a i r  in f i l t ra t ion  

changing its design or installation. Air inf i l t ra t ion  t e a k  were per 
before and after the watha r r t r i p  war ~uowd. Air ini'bltratfon tartr ware mrductd i n  a c a r -  
dance w i t h  AWI/ASR( 821283-73, aSt.ndrud Tart mthod far Rat. of Air Leakage !Ehmugh m e r i o ~  
W i n Q m ,  Curtain Walla, and Doart ,' at  s t a t i o  air  p n r a u r .  diffr r rn+alr  of both 0.30 a d  
0.11 inelms of wrkr (.quivalent to wind \nloci t ies  of 25 and 15 MPH rarpeetively) . M t e r  Ula 
air in f i l t ra t ion  tests wra -let&, the acidified win&ow unitr were again tested for  t h e m 1  
p a r f o l l ~ ~ c .  in accordan- w i t h  the t a r t  mthdllr used in Phase I md Phase 11. A ison of 

mnultr for  .a& of the unitsr  w i t h  urd without w t h a r r t r i p ,  is list& in 
0 5. 

war a two tm four-fold increaae i n  the a i r  in f i l t ra t ion  ra tes  of the wits whan the mather- 
taken during therm and a l l  grrviour thermal tranr- 

t never axceedd 0.01 inches a t  
during the tWStr, and awn i f  it MS8 

1 heat flow would hdlve h e n  e l l  

arnd f h l  phaae o 
at W- and cold c 

"Pable 6 ooatgfnrr the prab of this t4rting and includes tRs r ea~ r l t r  of U n i t  119-77 whm 
W s t d  a t  H3 P and l 8  P. 

atures w d  during the t a r t  had l i t t l e  
r, when the difference btrrerrn 
ea t  flow is d i f f icu l t  t o  
atwsr are d i f f icu l t  to obtain. 
onr in rurface tcamparatucl, a i r  
rrsr i n  the f ina l  r e r d t r .  

Y st trora tRe a~1y.i. of that &Q, as descr In prucddng rwtions.  

t detsMniRg fact= in UI ~mlmi t t au l ca  of  ths  -ern win- 
on of glazing m~at.rhLals iR ar ecpideplc& by hhrr tes ta  -duct& 

P h r a  IP of! this projwt. 

f rrrducing conductive h m t  l o r r  
Bhare I snd Phsrcl II testing 

lie glaring war -re sbfwt ive  
tfng glaas. Thir m y  bie due t o  
i the win- or: e~ t&e 



3. In viadav daaignr wRuv tho .pgli~.tion of oommn- rton windovr is irpraotloclr 
luck as owrrata or awningr, th. tur of a nrop.bl0 Qtrble gluing purcll o f f . o t i ~ . l y  
Mund thrr ooabuctivo h a t  loss, thouqh not u r i fwt iwely  U tho tur, of a rtorr w 

I .  Th. th.rrol t rurrr i t tanen (Woilur) of wood window, obtabd f ro r  tha Phare I testing, 
averaged 12% bat ter  than the design 6.t. contabd in tb. ABtrrUlh EIurdbook and Produot 
Dinctory, 1977 ntnbuwntala Voltm, CR.ptu 22, Fable 8. T M  w a m r d  1D-oalwa f s r  
single g l a u d  aluninra windows wuu &oat 10t kttu thur th. wt.1 windcw valwa i- 
ASHRAE, but in uma i n r t a n ~ s  wra croru, than tha ASHPM valws a d j u s t d  for  th. 
barrier &sign. 

5. Th. reaulta from tho Phase I1 kstr, which incr1pd.d tb. application of an exterior 
15 widl wuu on tho rvrragm 28% worse thur tha nsulta for  idantical uni t r  tort& 
witkaut an oxtoriot wind, e m  thoPrgh both uta of 6.- lud m oorrmted to thr e 
Standud W i n t e r  f k a i p  conditionr and .hodld hrtn beon qml. 

6. Thr Phue I11 te s t s  indicate that th. air  in f i l t ra t ion  r a k  of a W: is wt an i n f luene  
ing factor in tha aeuuramnt of t.brmal t r d t t u r c .  by e i e h u  thm Phase 1 o r  P h s e  I1 
t e s t  methods, provided l i t t l e  o r  no air  pressure d i f f u 8 n t i a l  Uists &m88 th. d t  
during ths t h d  t r a n d t t m c e  test. 

7.  mat- wiadar unit .  a t  68OF and 18OF has l i t t l e  b f l u m c e  
on th. results of t9-m te from Phase TV. 

A stage test ing pmgraa w a s  developed for  evaluating thr thunral tr 
doors and door as..rbliss. The ovcrrall testing prqram was designed to enable substitution 
of an f i m  generic dcror constructions into wood o r  e teel  Qor frame. Dlita w a s  
dew1 for  the thenu1 t r a n d t t u r c e  of ths .labs, and for  the doon  6. btdld 
in  the frame asmmblims. 

A brief description of the variour doon and doorlfrano u 
ntkiaed in Table 7. A l l  doors wan 3'0. x 6 ' 6 -  x 1-3/4" thick and were Mlt to 
1.8.-1 and AWVWMh 1.8.-5 requirement.. KMtailed description8 of the test boom 

frsatrsa and a m  containad in AppuPdFx A. 

For e a u  of muparison within t h i r  s t d y  and for  clolllpariooa to publi8h.d 
i n f ~ ~ t i O t i ,  ths r48tlltS of Q5C.h indiddual  test hV@ k.n C W X U Z k d  to 
W i g n  ooDditionr of still a i r  on the iqjrior (h - 1.46 BTU/hr.--.ft. 
on the exterior (ho= 6.0 BTQ4w.-.rl.fr.- F), unlf.8 o t h u r i u  noW. 

STAGE I - "Lherral T r d t t n n c e  of Door Slabs ander S t a t i c  Air C b n d i t i 0 ~  

Stage I ooruirted of tes t ing each of f i t n  generic rrood door cans 
without being mchlned for  hamham o r  installation. Thr test. wru 
w i t h  SDI 113 -Standard Thermal gorforuurco Test for  8 t m l  Door ando 
sold chmdnw -ntures of 10 F, w u n  e)urkr t q r u a b u u  of 80 
oondition of esaantially e t i l l  a i r  (40-60 faa t  per alnute velocity). It should be not& ULPat 
the SDI 113 test method measures only the cantor f ive f-t of door height, dw to 1iritrr;iosllr 

tes t ing e q u l m n t  design, and also iacl\rd.s portLonn of the t a r t  
e results f r o l  f testing and 5 
e bata frm thr am3 Product Dir 
ted in  Table 8. 

of -lid rood blac)r 

sataria (27 r cubic f m t )  
data for thi 



while  the test &h md the calaulatrb data for doors wur in 0108. agraeaunt ,  t h e  test d a t a  
w i t h  the d a r i g n  tharmal truraritkncr values 1irt.d for doors  i n  Table 9 ,  

o r  22 of the 1977 MHRAE mb.luntals tl"a1wm. This ApRlrt t a b l e  l i r ts  t h e  U-value o f  
r l a b  Qoors u 0.47 W m . - w e f t . -  F, ( i n t e r p o l a t e d )  r a g a r d l e r r  o f  c o r e  
I t a r t  r e s u l t s  i n d f c a t a  thrC the U-values o f  door# do vary wiPja 

core e s l u t r u e t l o n ,  md that most mm c o n s t r u d o n ,  ur cans i&rab ly  httcrr than  t h e  MHP- 
t.bl@ ~ u l d  SUPQOSt. 

mr U l i ~  s t a g e c  tWQ door deeipns ( m r s  'A* md "B") wore retested under t h e  o a m  procrdukar 
dur ing  Stage t r  excep t  that M exterior l 9  )(PH winB was a p p l i e d  v e r t i c a l l y  u p w d  and 

y a r a l l e l  to tho plane  o f  t h e  doar  dur ing  t h e  test. Those t a r t s  were conductad to v e r i f y  t h a  
calculation techniques  wed f o r  c o r r e c t i n g  meanvrd porforwanco va lues  to t h e  ASHRAE Standsre! 
Winter Design Table 9 c o n t a i n s  t h e  r o s u l t s  frtna t h e  Stag@ I1 p o r t i o n  o f  t h i s  
s tudy,  a long  W r i s o n  t o  the S tage  I r a s u l t r .  st. from both s t a g e s  were con- 
ducted on W without  reraoving thm f r o r  the r b a t w a n  testn. 

Thr radts  o f  theso  tests i n d i c a t e  that th. a p p l i c a t i o n  o f  the exterior l 5  wing had 
l i t t l e  e f f e c t  on tha ~lreasumd U-value p r f o r a u ~ n ~ .  The s l i g h t  discrepsncy between t h e  S tage  I 
and S a g e  XI m s u l t s  f o r  t h e  pine panel &oo r "Em), was p r  i l y  due t o  a p r  s e a l  
h t w n  ozw edge of  the door and the t a r t  c wal l .  

fie lut @-g. o f  t a s t i n g ,  Strrge IXI, l n w l v a d  p-paring and i n s t a l l i n g  one door (Door "A") 
s e p a r a t e l y  into a wad and mtal door frame. me &or was machined f o r  and i n s t a l l e d  w i t h  sm- 
dad c y l i d a r  l o c k . h a r d w m  and b u t t  hinges.  The Qoor and door frsara w r e  then ins t s l l t sd  i n t o  a 
t e s t  w a l l  a s  dascr ibod i n  the SDI 113 test w . gach assombly was then test& f o r  them1 
t ransmi t  bo th  wi th  and without  the a p p l i  on o f  ths 1 5  XPH a % t a r i o ~ r  wind. The r e s u l t s  
of S tage  XI1 t a s t i n g  under each wind condi t ion  are con ta  i n  Table l 0  along w i t h  a 
w r i m n  to the m t u l t s  f o r  the Qor s l a b  a lone.  Again, axisorr is mdie t o  t h e  U-values 
calculatcpd fmm the C S W M  1979 Fundsarantals Vol-. 

The r e s u l u  i n  Table l 0  i n d i c a t e  that t h e  thermal t ransrai t tance valuos ob ta inad  dur ing  t h a  
tssb without  an ~ x t e r i o r  wind (Stags  1 ma 1 were i n  c l o s e  a g r e m n t  wi th  va lues  c a l c u l a t e d  
f m  the a t =  data. When the wind wan a p p l i e d ,  Ikow.svor, the  value f o r  tha door i n s t a l l a d  
h t h e  meal f r m  ua. s l i g h t l y  highar  than f o r  the t e n t  wi thou t  t h e  wind. Converse ere 

tic change i n  rnsasurQd U-value t o r  the tw tests canduct& on t h e  door and 
h a t i o n .  Again, t h e  adjuntod U-values f o r  a s p o c i f i c  doon: sad f r m  combi n 

under o i t h s r  wind condi t ion .  

a c l o s e  e x a n i m t i o n  oP t h e  d e t a i l g d  test data and t h e  c a l s u l a t i o n r  POP hhase door m d i n a -  
e ions  and test. d i d  laot i d e n t i f y  any s w i f i c  cause f o r  U\e d i s c r e m c y  between tests. Homver,  
Iha i n r r t a l l a t i o n  o f  the door/frsara assembly i n t o  the t o r t  wa l l  may have in f luancad  t h e  rasul t t r .  
The b r / f r a r u p  ass-ly is i n s t a l l d  i n t o  a 2 x 4 f r m  wal l  cons t ruc t ion  f o r  t o s t i n g .  A p r 9  
t i o n  o f  tJmt  w a l l  is included I n  the 4 '  X 5 w t e u i n g  area of the test smrtus, Heat flow 

ugh Ul i s  wa l l  is incluldad a s  p a r t  of t h e  total ~ t o a s u r s d  h e a t  flow, and Is thua i n c l u d d  i n  
~ l o  f i l ~ l l  base resu led  f o r  &a d o o r / f t r ~  i m t i o n .  Whilo t h e m a u p l e a  a r e  placad on both 
the Fnsida and t h e  ido  e w f a c e s  of! t h e  l .  t h e i r  readings m y  not  have a c c u r a t e l y  rsti- 
mt& the a m r a g  r a t u v e  o f  t h e  e n t i r e  w a l l s  and t h u  m y  hsve s f f o c t d  t h e  c a l c u l a t i o n  
o f  t h e  average t u r e  o f  tho a n t i r a  lee  S ince  h e a t  f l o u  through t h e  wal l  cannot km 
iwlatcsdi f + a  t h e  b t a l  h a a t  blow, t h e  e f t a c t  o f  t h e  w a l l  clannot be sopar t& trorn t h e  f i n a l  
test  r e s u l h ,  

m m t e r i n g  c a ~ d  t o r  t h e  dOOr tests vss o n l y  5 V i g h  and was cen tor& on the dooars 
&.baring the tasm, t h e  t o p  and Lrottor 10" of t h e  door and &or krancrs w r o  not  included 
in Lh9 test 108tUTurerrrttnts. "Phe p o s s i b i l i t y  exists thst l a t e r a l  h e a t  flow was occur r ing  w i t h i n  
t h e  door or tho f r m  mcabors, i n  the c r a e k s  b t m n  t h ~  &30r and t h e  f r m ,  o r  bcstweon 
UDB PT- and thQ all. u t a r a l  hea t  &lw could wihhin t h e  test wal l .  Thfir haa t  
b l m *  wmtl-r t i o n  o r  ~ n v e ~ t l o n ,  would o t a l  m a s u r s d  h e a t  Plw, but  would 

upla  readings o f  @=lam m n t e q u e n t l y ,  t h e  t esk  w u l d  
i t w c e  than ms a c t u a l l y  ugh t h a  b o o r / f r u  saraaably. 






























