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DYNAM I C MEASUREMENT OF N I GHT T I ME HEAT LOSS COE F F I C I ENTS
THROUGH TROMBE HAL L GLAZINGSYST EMS*

b y
J . Oo u g l a s B a l c omb

L o s A l amo s Na t i o n a l L a b o r a t o r y
L o s A l amo s , New Me x i c o 8 7 5 4 5

ABSTRACT

A T r a n b e wa l l p r e s e n t s a u n i q u e o p p o r t u n i t y
t o me a s u r e t h e h e a t - l o s s c o e f f i c i e n t t h r o u g h
t h e g l a z l n g s y s t em b e c a u s e t h e wa l l i t s e l f

c a r ! b e u s e d a s a h e a t me t e r . S i n c e t h e
i n s t a n t a n e o u s h e a t f l u x t h r o u g h t h e c u t e r

wa l l s u r f a c e c a n b e d e t e r m i n e d , t h e h e a t
l o s s c o e f f i c i e n t a t n i g h t c a n b e c a l c u l a t ~

b y d i v i d i n g b y t h e wa l l s u r f a c e - t o - amb i e n t
t emp e r a t u r e d i f f e r e n c e . T h i s t e c h n i q u e h a s

b e e n u s e d t o d e t e r m i n e h e a t - l o s s c o e f f i -
c i e n t s f o r L o s A l amo s t e s t r o u n s d u r i n g t h e
w i n t e r o f 1 9 8 0 - 8 1 . G l a z i n g s y s t ems s t u d f e d
I n c l u d e s i n g l e a n d d o u b l e g l a z i n g b o s h w i t h
a n d w i t h o u t n i g h t i n s u l a t i o n u s e d i n c o n -
j u n c t i o n w i t h a f l a t b l a c k p a i n t , a n d b o t h
s l n g l c a n d d o u b l e g l a z i n g u s e d i n c o n j u n c -
tion w i t h a s e l e c t i v e s u r f a c e .

1. I NTRODUCT I ON— - — .. . .

T h e U - v a l u e f o r h e a t 1 0SS f r mn t h e s u r f a c e
o f a d o h b l c - g l a z d T : ” cmb c wa l l t o amb l c n t
h a s b e e n r e p o r t e d b y P a l m i t c r , c t a l , T h e
me t h o d r e l i c s o n t h e u s c o f a h e a t f l u x
me t e r a t t a c h d t o t h e T r a n b e - wa l l s u r f a c e .
T h e me a s u r e d U - v a l u e r e p o r t e d f o r a wa l l
w i t h a s e l c c t i v c s u r f a c e f o i l d t t a c h d t o
t h e o ~ l t s i d c s u r f a c e I s 0 . J 2 D t u / F - h r - s q f t .
T h e mc ~ s u r e d U - v a l u e s a r c r c a s o n a h l y s t c t d y ,
l n d l c a t l n g t h a t t h e u a l l c a n b c a c c u r a t e l y

mo r i u l e d u s i g a c o n s t a n t h e a t l o s s
fc o c f f l c i c n i ,

A me t h o d o f d c t c n n i n i n g h e a t f l u a , ~ s f r om
t o n p c r a t ” p c mc d s u r cm r m t s ma d e i n ma s s i v e

wa l l s wa s d c v c l o p d b y Ua l c omb a n d Hc d s t r om~ .
T h i s me t h o d r i o cw i n o t r e l y o n h e a t f l u x me t e r
I t l l t i l . T h ~ p r o c e s s c o n s i s t s o f : o l v i n g t h e
h e a t . d i ; f u s l o n c q u a t l o n i n o n c d i me n s i o n
u s i n g f i n i t e d i f f c r c n c c t o c h n i q u c s g i v e n
t wo mc a s u r m i t o n p c r d t u r c s a s i n p u t . T h e

me t hm l i s f d s t a n d a c c u r a t e a n d a l s o a l l ows
f o r a n i l l - s i t u mc ~ s u r mn e n t o f wa l l t h c r n s l

d l t f u s i v { t y ~ f a t h i r d t mn p o r , l t . u r r I s
mc t ls u r o d . onLf! tho OUt.r~-W(lll h r a l . f l l l x i f

k n own t h e h e a t - l o s s c o e f f i c i e n t a t n i g h t
c a n b e c a l c u l a t e d b y s i mp l y d i v i d i n g b y t h e
wa l l s u r f a c e - t o - amb i e n + . t emp e r a t u r e
d i f f e r e n c e . T h e t e c h n i q u e h a s b e e n a p p l i e d
t o d a t a ttken from L o s A l amo s t e s t r o oms

d u r i n g t h e u n u s u a l l y m i l d w i n t e r o f 1 9 8 0 - 6 1
d u r i n g wh i c h s e v e r a l d i f f e r e n t c o n f i g u r -
a t i o n s we r e u n d e r t e s t . T h e r e s u l t i n g
U - v a l u e s h a v e g o o d i n t e r n a l c o n s i s t e n c y ,
a r e i n g o o d a g r e eme n t w i t h b o t h h a n d b o o k
v a l u e s a n d P a l m i t e r e t a l . r e s u l t s , a n d
c l e a r l y s h ow p r o n o u n c e d d i f f e r e n c e s b e t we e n
t h e v a r i o u s o p t i o n s .

2 . T EST ROOMS

FO I o t h i s s t u ~ y d a t a we r e u s e d f r om t e s t
r o a n s 1 ~ n d 2 a t t h e L o s A l amo s Na t i o n a l
L a b o r a t o r y p a s s i v e s o l a r t e s t r o om f a -
c i l i t y . T h e s e t e s t r oms a r e a n a d j a c e n t
p a i r h a v i n g a b u i l d l n g h e a t l o s s c o e f f i -
c i e n t ( e x c l u d i n g t h e s o u t h wa l l ) o f 2 6 , 3
B t u / F - d a y , E l e c t r i c b a c k u p h e a t i n g wa s
u s e d i n t h e t e s t r o oms t o ma f n t a l n a m f n f -
mum t emp e r a t u r e o f 6 5 F . T h e tempcrqturc
c o n t r o l s y s t cm wa s nmd i f i e d m i dwa y d u r i n g
t h e y e a r t o p r o v i d e mo r e a c c u r a t e c o n t r o l
a l t h o u g h t h i s h a s n o p a r t i c u l a r e f f e c t o n
t h e r e s u l t s p r c s c . l t c d i n t h i s p a p e r . Ro b o r t

A c F a r l a n d a t L o s A l amo s I s f n t h e p r o c e s s
o f p r e p a r i n g a c omp r e h e n s i v e r e p o r t o n t h r
r e s u l t s o f t h e p a s s i v e t e s t r o oms f o r t h e
1 9 8 0 . 8 1 w i n t e r a n d i t i s a n t i c i p a t e d t h d t
t h i s r r p o r t w i l l b c f o r t h c om i n g i n t h o n r a r
f u t u r e .

T h e t e s t , r o oms h a v e b ~ ~ n i - md i f l c r i s i n t c t h o
1 9 7 9 - 1 9 i X l c o n f i q u r , l t i o n t , , p r o v i [ i c f o r a
s nm l l c r s o l a r c o l l c [ t i ( l n d p [ ? r t u r [ ~ . T h i s
r e s u l t s i n a larger v a l u o o f b u i l ( i i n ! l L o a d
Co l l r c t o r Ra t i o i n o r d e r t o a c h i r v r o r r x l r u
r r p r o s c n t a t i m c omp a r i s o n w t t h a c t u , l l b u i l t i -
i n g s , T h o q l a z i n q i s a s t a n d a r d 4 b ” x 7 6 ”

3 / 1 6 i n . t ump r r r ( i ! I l a z l n q u n i t . T h r l r omh r
wa l l s a r r c o n s t r u { t l . d h , y % t , l r k i n ! ) 5 , b . 1 ” x



7 . 5 ” x 1 5 . 5 ” s o l i d c o n c r e t e b l o c k s t o f o r m
a 1 5 . 5 ” c o n c r e t e wa l l . T h e T r cm r b e wa l l s
a r e u n v e n t e d a n d a l l c r a c k s b e t we e n b l o c k s
h a v e b e e n we l l c a u l k e d t o p r e v e n t a i r l e a k -
a g e . T h e t e s t r o oms a r e i n t e n t i o n a l l y o f
v e r y l i m ma s s c o n s t r u c t i o n w i t h a f i b e r g l a s s -
f i l l e d 4 “ f r ame s t u d wa l l l i n d o n t h e
i n s i d e w i t h 1 “ o f p o l y s t y r e n e f o am . A
f o r c e d i n f i l t r a t i o n rate i s ma i n t a i n d a t
t h r e e a i r c h a n g e s p e r h o u r .

Du r i n g t h e e n t i r e w i n t e r t h e T r mn b e wa l l s
t h ems e l v e s we r e n o t mo d i f i e d . T h e o u t s i d e
s u r f a c e o f t h e wa l l o f t e s t r o om 1 wa s
p a i n t e d f l a t b l a c k a n d t e s t r o om 2 h a d a
s e l e c t i v e s u r f a c e m t a l f o i l g l u e d t o t h e
o u t s i d e s u r f a c e . T h e s e l e c t i v e s u r f a c e
u s e d wa s ma n u f a c t u r e d b y B e r r y So l a r
P r o d u c t s a n d c o n s i s t s o f b l a c k c h r c s n e
e l e c t r o p l a t e d o n c o p p e r f o i l .

3. ANALYS I S T ECHN I QUE

E n e r g y f ? ow t h r o u g h t h e wa l l i s a s s ume d t o
b e o n e - d i me n s i o n a l a n d i n a c c o r d a n c e w i t h
t h e h e a t d i f f u s i o n e q u a t i o n . T h e s o l u t i o n

me t h o d i s t u nw r i c a l , u s i n g f i n i t e d i f f e r -
e n c e t e c h n i q u e s . I n p u t s t o t h e c a l c u l a t i o n
a r e v a l u e s o f t h e wa l l i n s i d e a n d o u t s i d e
s u r f a c e t mn p e r a t u r c s v c a s u r e d a t h o u r l y
i n t i r v a l s . T emp e r a t u r e s a r e t h e n c a l c ( l l a t -
e d h o u r l y f o r a s e r i e s o f p o i n t s b e t we e n
t h e t m r n c a s u r mmc n t s . An i n i t i a l t emp e r a -
t u r e d i s t r i b u t i o n i s a s swn c d b u t t h e e f f e c t

o f t h i s a s s ump t l cm d i e s o u t a f t e r 2 0 o r 3 L l
t i me s t e p s . T h e h e a t f l u x e s c a n t h e n b e
! n f c ? r ~ , l f r om t h e t emp e r a t u r e g r a d i e n t s a t
t h e s u r f a c e s . S i x n o d e s we r e US - A s o t h a t
t h e s p a t i a l d i f f e r c n c i n g i s 2 . 5 8 i n c h i ? s .
T h e t e c h n i q u e i s d c s c r i bm l i n d e t a i l i n
Re f . 1 .

T h e t h e r ma l ( I i f f u s l v f t y o f t h e wa l l ma t e r i a l
wa s a d j u s t e d i n c r d c r t o o b t a i n a g o o d ma t c h
b e t we e n t h e me a s u r e d a n d c a l c u l a t c r l mn p c r -
a t u r c a t t h ( ’ wa l l c c n t c r . T h e v a l u e h i c h

Yg i v e s t h e h c s t a g r c cmn t i s 0 . U4 2 3 f t . / h r .
T h e V J I UC o f t h e r ma l c o n d u c t i v i t y u s c r l i s
1 . 0 D t u / h r - f t - F a n d t h e v o l u c t r i c h e a t

Yc a p a c i t y WV ! i s 2 3 . 6 l i t u / f t F ,
Mc ~ s u r c d d e n s i t y i ~ 1 4S l b / f t 3 .

F i g u r o 1 s h ows t h e me a s u r e d t mn p c r a t u r c s a t
t h e o u t t i d c wa l l s u r f a c e , i n s i d e wa ! l s u r -
f a c e , wa l l c c n t c r , a n d o u t s l n d amb i e n t o n a
s u n n y d a y . A l s r J s h own o n t h e f i g u r e i s t h e
c ~ l c u l a t o ( l t mn p c r a t u r c a t t h ( ’ wa l l c o n t c r
I n c x c c l l c n t a g r c cmc n t w i t h t h p r a c a s u r c d

v a l u r . h r f a c t t h a t t h e s h a p { ~ o f t h i s
c ~ l c u l n t o ( l c u r v e i s i d e n t i c a l t o t h r n x * . l s -
ur{!d cutwc I n d i c a t e s cxccllrnt int[!rnal
( . o n s i % t o n c y u f t h u t ( ! L h n i ( l W .

I h r h c f i t f l u x e s a t t h e i n n r r a n d o u t ( t r wa l l
s u r f a ( : o ~ c a l c u l a t c ( i h y t h i s t ( ’ c h n i q u o a r c
dlrlwn in }iq, 2. No t e t h , l l t h r n u t s i ( l o
h r n t i l u x i : . p r , l k r ( l i n t h o d a y t i me , as
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F i g . 1 . T emp e r a t u r e s me a s u r e d w i t h i n
t h e T r omb e wa l l [ s o l i d l i n e s ) . Da s h e d
l i n e i s t h e c a l c u l a t e d t emp e r a t u r e a t
t h e wa l l c e n t e r .

CRICULflTEO HERT rLIJXtXI, TfST ROOM 1, 1?/17/80
z“ ~.-.~

-,*1 ..–. L .. . * . . . . . . , , . . . . , . * , J
● 3 8 B 1? Is I@ ?1 ?4

F i g . 2 . C a l c u l a t e d h e a t f l u x e s a t t h e
t ~ o wa l l s u r f a c e s f o r t h e s ame I I i I ya s
F i g . 1 . ( Po s i t i v e v a l u e s i n r l i c a t c h e a t
f l ow t owa r d t h e r o am . )

C f l lC(JI hTl:ll (J Vfll lil , 11’!;1 HI)OM I , IiI/1 ;/IIH
,Sr--.–-r----.—-----, -., .... - _--. _r .
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.?
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/-”\, ...

\/,. ., . L.. ---- A-.. —. J.._ , ,

3 s n 1? I!l In ?1 7*

Mum

tigm J. Cfil c u l , l t . o d 1 1 - v a l u ( , I ] r . ( w ( u ! nL h l ,
wall s l J r f a ( : onnd oulsidr amhipnt,, hdsd
on t h r infornrntil)n In Fl!j\. 1 and 7,
f)nl y L h r VC J lu l l s i l t n i q h L a r r nw!,lrin(lf III .



e x p ~ t c d , h u t t ; ; ; , f lux into the ‘oom sur-
fzce is relatively constant throughout the
24-nour period dipping only sli htly during
the midday. !One sees that the ranbe wall
is an ideal mderator of the h!ghly-peaked
solar radiation profile transfomfng it
into a smooth, comfortable, and uniform
building heater.

T h e a p p a r e n t U - v a l u e o f t h e T r omb e wa l l
g l a z i n g , me a s u r e d f r m t h e wa l l s u r f a c e t o
o u t s i d e amb i e n t , c a n b e d e t e n n i n s d b y d i -
v i d i n g t h e o u t s i d e wa l l heat flux by the
wall surface-to-ambient temperature differ-
ence. T h e r e s u l t o f t h i s c a l c u l a t i o n i s
s h own p l o t t e d i n F i g . 3 f o r t h e s ame d a y .
Du r i n g t h i s t i me t e s t r o om 1 wa s b e i n g
o p e r a t e d M “ t h d o u b l e g l a z i n g a n d w i t h o u t
t h e u s e o r ’ a n y n i g h t i n s u l a t i o n No t e t h a t
t h e v a l u e i s r e l a t i v e l y s t e a d y a t n i g h t
v a r y i n g b e t we e n 0 . 4 3 a n d 0 . 4 8 . Du r i n g t h e
d a y t i me v h c n t h e r e i s a s t r o n g s o l a r f l u x
p r e s e n t t h i s c a l c u l i i t e d U - v a l u e i s me a n -
ingless a l d b e c c n n e s n e g a t i v e . On l y t h e
v a l u e s b e t we e n 8 p . m . a n d 6 a . m . h a v e b e e n
u s e d i n t h e U - v a l u e c a l c u l a t i o n s p r e s e n t e d
i n t h i s p a p c ~ . T h e s e e l e v e n h o u r l y v a l u e s

a r c a v e r a g e d i n o r d e r t o p r o v i d e a n i g h t l y
a v e r a g e a p p a r e n t U - v a l u e f o r t h e g l a z i n g
s y s t em a n d t h e n ma n y n i g h t l y v a l u e s a r c
a v e r a g e d t o o b t a i n t h e f i n a l r e s u l t s
r e p o r t e d .

T h e h o u r l y U- VJIUC calculat~lrl by this tech-
nique SCCP’; to vdry scmcwhdt due to c o n d i -

t i o n s . F i g u r e 4 s h ows c a l r , u l a t c . d U - v a l u e s
f o r t h r p c r i r x l Dc c cmb c r 1 5 t h r o u g h , I ? n u a r y
j f o r b o t h t e s t r o oms 1 a n d 2 . Du r i n q t h i s
c n t l r c t i me p r r i n t i b o t h r o oms we r e o p e r a t e d
d o u h l c fJldZPf] w i t h n o n i g h t i n s u l a t i o n .
T h v r c i s J c l r a r a n d nm r k c d r l i f f c r c n c o ! s e -
tw~cn the cdl(.uldtcll U-balur for t h e t e s t
r o om ? wh i ~ h h ~ r , f l a t b l a ~ k p d i n t a n d f o r
t v s t r omn 1 wh i c h h a s a $ o l c c t l v c s u r f a c e .
: t “ 1 d n u n r n i s t a k , ] h l r L o n [ . l u s i o n t h n t t h e

a p p ~ r ( ’ n t 1]-vdlul’ of t h u Wdll with thr so-
lc[. tivc s u r f a c e i < ma r k e d l y l CS ; t h f l n t h o
U - v J l u r f o r t h e f l J t h l d c k wa l l . r h ~ , r a t i o

i ~ O.b$,

F i g . 4 . C a l c u l a t e d l - l - v a l u e s f o r 2 0
c o n s e c u t i v e n i g h t s . T h e u p p e r g r o u p
a r e f o r T e s t Ro om 1 ( f l a t b l a c k
s u r f a c e ) a n d t h t l owe r g r o u F ~ r P f n r
T e s t Ro om 2 ( s e l e c t i v e s u r f a c e ) . Ro t h
wa l l s a r e d o u b l e g l a z e d al’d u n v e n t e d .

4 . RESUL TS——

A t o t a l o f 5 2 n i g h t s u f d a t a we r e a n a l y z e d
f o r c e l l 1 a n d ‘ o r c e i l 2 r e p r e s e n t i n g s i x

d i f f e r e n t g l a z i n g c o n f i g u r a t i o n s . N i g h t l y
a v e r a g e s we r e i n c l u d c r i o n l ] f o r n i g h t s wh r n
the data v@rc consistent and stc~dy. ‘ h i s
r e s u l t e d i n d r o p p i n g n u t a f cw n i g h t s o f
(tdtd. T h e r e s u l t i n g v t f c c t i v c H - v a l u e s a r c
s h own i n T a h l r 1 . T h o vdlurs qivcn arc al
average o v e r t h e n umh r r o f n i g h t s s h own i n
t h r t a b l e .

5 . ; NT LRPRE TAT 1 0N

T h e d a t a s h own a r u a l l h a s c d o n nm , ~ s u r r mc n t s
ma d e i n t h r c e n t . o r o f t h r wa l l a n d t h u s t h e
a s s ump t i o n o f o n r - d i n r n $ i o n , l l f l ow s h o u l d
h c q u i t r r.~dtonahlc. T h r U-va]uc$ cdl~u-
I a t c d s h o u l d h o r r p r r s r n t n t i v c of t h o c r n t r r
r ~ q l o n o f t h r wa l l h u t o n c m l ! l h t e x p e c t t o
s c c s o r e r sma l I v a r i a t i n n t owa r d t . h c w i q r s .
T h e m r a s uwmc n t s d r c q u l t o c o n s i s t e n t a $
I n r f i l , l t r d b y t h i l s t a n d a r d r l r v i a t i n n s h own .
l h ~ s t a n d a r ! l d r v i a t l o n c a l ( u l i l t . d f o r P a { l l

q r u u p o f I I p t l l n t < f o r a s l n q l o n i q h ’ i s
q o n o r , l l l y dhnut om - h n l f l h c s o v a l u v < i n t ! l -
c a t l n q t h a t t h e n i q h t - t n - n i q h t v a r l J t i ~ ~ n is
s i g n i l i ( . d r l t , p r o h , l h l y d u r t o d i f f I r e n t W I m l
s p e e d \ . A~ , o - l ) r ( ! { d , t h r v d r i d ~ i o n i s
l i l r l l c r f o r t h r [ , ’ t i ’ fwit) \lnqlIT IIIJI i n , ] ,



TABL E 1

MEASURED NIGHTIIK U-VALUES

No of Average Average Night-
Time nights Average M WI nd time Amb~ent

Period used Cel 1 Glazings Other* U-value d- Spded, ~h Temperature, F

12/15 - 1/4 20 1 2 0.430 .031 2.9 33.6
;;: . 2,12 23 1 NI 0.124 .026 2.4 27.2

- 3/4 23 1 ; N! 0.130 .020 32.0
3/6 - 4/1 26 0.663 .007 ::;
li’:11- 1/30 42

32.5
; ; Si 0.281 .023 2.6 30.4

tj b - 4/2 50 2 1 Ss 0.359 .037 4.1 32.3

●NI refers to night fnsulatlon, SS to selectlve surface.

●*Standard rjeviatlon of the hourly ~asurenv?nts. The numberof points used in calculating
the averdges and standard deviations is 11 tlws the nrznber of nights used.

thermal conductivity are less -11 known.
The value of k = 1 which was used is rep-
resentative of the high end of values for
thermal conrluctivit) for concrete given in
handbooks.

The IJ-vdluos rictcnsincd for both slnglc
glazing A doublcglazinq are In good
agreement with values gl en in the ASHRAE

)!Handbook of Fundanmntals after correct-
ing for thr! fact that the conditions arc
not identically the sdnm. ror example, the
U - v a l u e f o r s i n g l c g l a z l n g i s g i v e n ds 0.73
in still air and 1.1 at 15 mph on the out-
sidr surface. Hmvcr, the heat transfer
from the Trcunbe uell surfdcr to the glazing
is different thdn frmn ordlndry roam air to
d wlnrinw surfdcc. Corrcctfng for a well
dir film coefficient of 1.4h dnd aswnlng
that half of the energy flow is by radidtion
ml hdlf by convcctlon, ‘hcmodificrl sin lC

!glazing cwfficicnts bccom U.6U for sti 1
air ml O,llb for 15 mph. The mcasurcrl value
of U.btI given in Tdhl@ 1 Is madr for M
average wind spccrl of 4.tf mph. lhis crzn-
parcs favorably with the lntcrpolatd vdlur
of 0.6H baswi on thr handbonk rwdnbrrs.
Lfkmtlsc, thr nmasurcrl value fordouhlc
qlazinq of U.4J is in good agrwmmt with
tho drf.justcrf hdnrfhorrk valurI n? 0.43$, lhls
good figrcmnrmt gives crmi!hility to thr
nthor n.mrhcrs in Tal)lr 1,

5,1 Effccl of nlqht insul~tlnn

As cxkmctrd, the cffrct of nfght lnsulatfrm
is to reducr thr nlghttimr i!-vdlur! of the

qlazlnq %y$trmmarlmlly. The night fn$ula-
tion systmn mf)ltiyrNI wns not Intcnrtml L)
roprosmt a practic~l solution for d pils5-
Ivr hulldlng hut rathrr a simplr configurd-
tfonwhithr-anhr WOI1 chardctcrfzcfi. [t

consisted of a ?-Inch polystyrrnr short
with m shwf of plywood qlurt’1 to onr sur-
f~~,~, anti 1:1,! !0 fit th(~ window nponlnq slzcm
It, was hold tightly aqfiln$t thr out%ldo

glazir,g su?face at night. The dramatic
effect of the night insulation can be seen
in Fig. 5uhich shows the calculated
U-values for eight consecutive nights. The
application of the night insulation was
initidtcd dt the end of the day on January
5 and one can easily observe the factur-
of-3.5 reductfon in calculated U-value
which occurs at this time.

CHICUIHTrD 11. VHLUES
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tig. 5. Cdlculatd U-vnlurs for right
consrcutlvo nights In January.
A~-llcal ion of ulqht fnsulirtion was
in’ftiatrrl on January 5,

Thr rffcctlvr rr%ls~nnrc of thr nlqhi in.
sulatlnn ~dn he inf~r~~d fr~ thr ;ilffpr-

rncc in thr rrclprocals of thr! 11-valurs
nmasurrd with and without nl ht Inwl,lfion.
This calculates to hr If - 5.? for hot.h ,hr
single iflazinq an(f douhlr qlazlnq ~nnfiqur-
dtion. lhr l.on$lstiwwy hntwo(,n th~ two i%
cncouraqfny,

Thr manufwturors’ %tdtWi ~-VfllU:~ of t.ho
insullltlnn i% 5 por In(h rf,sultin.1 lH all



expected overall R-value of 10. However,
one would expect that the ●ffect of heat
losses through the wood sections surrounding
the w l n dw , wh i c h a r e unaffectd by the
night Inwlation, might rduce this s u b -
s t a n t i a l l y . Thus the implied night insula-
tion R-value of 5.7, although lwer t h a n
might have been anticipate, is not partic-
ularly surprising.

5.2 Effect of the selective surface

A s s h own i n b o t h F i g . 4 a n d T a b l e 1 t h e
s e l e c t i v e s u r f a c e h e s t h e e f f e c t o f r e d u c -
i n g t h e n i g h t t i me l o s s c o e f f i c i e n t t h r o u g h
t h e g l a z i n g s y s t a ’ nb y a s i g n i f i c a n t a mo u n t .

T h e r a t i o o f U - v a l u e s w i t h a n d w i t h o u t s e -
l e c t i v e s u r f a c e i s 0 . 5 4 f o r s i n g l e g l a z i n g

and 0.65 for double g l a z i n g . I t i s
e s p ~ i a l l y i n t e r e s t i n g t o note that the
measured U-value far a selective surface
and single glazing is less tharr for a
flat-black s u r f a c e a n d d o u b l e glazing.
Clearly the selective surface is very
effcctivc in reducing nighttime lossez.

The other part of the evaluation of the
selcctivc surface concerns its performance
during the daytime. Sane results concerning
overall perfornranc~ havcbecn presented
previously by Hyde showinq a significant
pcrf~rlnancc incrc~$c with a selective sur.

f4Lc. FuTthcr cvalu~Licns have hecn done
by both the author and by McFarland at Los
Alamos based on the 1900-81 test room cx-
pcricnce. Preliminary indications frcan
this an~lysis indicate that the sclcctivc
surface wall, although shwing a significant
incrcasc in performance consistcrrt with the
results reported by Hyde, may not bc living
up to the full potential indicated by the
dramatic reduction in loss coefficient. It
Is not yet known uhethcr this is duc to A

wall absorptance which is lCSS than pru-
dlctr:l or a small contat.t resistantic bctuocn
the mctdl f~il and th~ wall surface. [ithcr
cffrct or a combination could explain thr
ohscrvrd results.

Attrr the conclusion of the trsting season
thr qltrinq was rcmovr!d anti several samplr~
of <rlcctivo surface foil ncrc pcclcri fran
tho wall. Thr wall had born pwparcd and
the foil appllc(i ‘Isin!l a procmlurr roconr-

mcndml hy the mfinufacturur u.sinq a ruhhrr-
h<ld cmnrrrt. lhv adhcrcnco uf tho metal
foil to tiv wall srwml to hc rrasondtrly
q ooli .

f)nv prohlmn nofrd. hwrvrr. is thtt thv
Loncrf!tr h!rx:k~ which wcrv usrwl tn construct
thv wall had a ;iqnificant amuunt of %mall
wlrfal.r vuld% whi{. h rosultod In air pmkrt%
huing formod hrhind thr srlrltlvc foil.
lhnsr p:l, kct% havr typical dimrnsion of
3!10UI i/4 Ini.11 and mnkr up shout I!I pcrconl
of tl’o wrfaco arra. Ihi% miqht cxplairr an
app,lrvrrf cunt.in t r i s s l ~ t m , r c

I f t h e e f f e c t s s e e n a r e i n d e e d d u e t o a
c o n t a c t r e s i s t a n c e b e t w e e n t h e w a l l s u r f a c e
a n d t h e f o i l , t h e n s u c h a r e s l s t i n c e c a n b e
i n c l u d e d i n t h e mo d e l . Wh e n t h i s u s s d o n r

g a d a r e e m t w i t h t h e o b s e r v e d d a y t i me
!c o n d l t o n s w a s o b t a i n t i with a c o n t a c t c o -

e f f i c i e n t o f R - 0 . 2 8 .

T h e b e s t o n e c a n s a y a t t h e p r e s e n t t i n s ? i s
t h a t a l t h o u g h t h e e f t e c t G f t h e s e l e c t i v e
s u r f a ~ e i s t o s i g n i f i c a n t l y I n c r e a s e t h e
p e r f o r ma n c e o f t h e - 1 1 i t ma y n o t b e l i v i n g
u p t o i t s f u l l p e r f ome r c e p o t e n t i a l . T h e
full potential wuld be achieved if the!
U-values indicated in Table 1 pertain
throughout the 24-hour period, the solar
absorptance is equal to the optlcitlly-
n@asured value of 0.93, and the contact
resistance is negligible.

A contact resistance of R = 0.28 has a very
minor effect on the nighttim loss coeffi-
cient values given i n T a b l e 1 . I f t h e c o n -
t a c t r e s i s t a n c e w e r e r e d u c e d t o z e r o , t h e n
t h e U - v a l u e Wu l d b e i n c r e a s e d t o 0 . 3 0 f o r

d o u b l e g l a z i n g a n d t o 0 . 4 0 f o r s i n g l e
glazing.

The Los A!anros results are in good agree-
ment with the value of 0.32 nwasured by
palmiter, et a l . (with double glazing)
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