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previously described.3 Basically, the apparatus
consists of a cold-box/hot-box combination; each
box is 4 ft deep with an 8--fÈ sq test opening. Pa-
oels lining",the inside walls are heated in the warm
box and cooled in the cold þõx by circulatiagliquid.
Tl¡e warm box liquid can be controlled between 65
and ?5 F to witàin + 0.01 F. The cold box tem-

ASHRAE Gtride A¡rd Data Book value of 6.00 for a

I

FiÉ, 5 Vertical temperature proliles, panel 142

Figs. 4 to 9. The numbering code u,sed to identify
the di-fferent tenrperahrre curves is presented in
Table I. 
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- P,4ne\g 142, 144 and-1Þ2,'.rvith insulation lo-
cated midway in the shrd space and without poly-
ethylene coverin$, exhibited latge vertical tem-
perature variations in comparison with any of the

movement and te¡pperature eff ect occurs above the
neutral axis. In panel 144 this is evident both be-
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Conductance
Btu/hr, sq

ft, F
Ratio of conductance wità_
out and with polyethylene

jf ¡;
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ri U

ratio

,r 2

lA3
J

1A4
ll

181

lB2

0. 092

0. L74

0.092

0. 178
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0.; 094

0
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o.i09'i
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'I.g5

1.93

t'ù.1.9
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¡

2.74
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lable III. Valuesc.Itr Derived
Measuredfrom He¿t Flonr ahd f¡om Theory

Theoretical
C. values

'baged on
c.ärì,c."e

Expertu
C. valur

based ol
heat flo¡

. LA2

:182

3.4

r16.8

-21"3.

30.3 '-

' L;7,,

' -6.0 I
i ¡t

28.6 t

-18. 1

-18. 7

0. 15,r1. 0. 19

0.1q-, 0.24
0.201 0.27
0.20, 0.28

0. 15

0. 20

0.2L

0.24

0.24

10,:'

0.16

0. 17

0.17

t'J

15

0.20

0.25

0.30

0.31

0. 16

0.21

0.23

0.25

0. 25

92 F. Pa-
and B in-

86 and 2.1
U and C.values when tested

Whenthe polyethylene
ever, convection effect
ues to increase b
A insulation, wh
fype B insulation

.midheight blocking in
by comparing results
those for panels 1A1

g no blocking. For tests
s covered with poly_
in a slight increase in

orresponding tests with_
out polyethylene over. the insulation, blocking re-sulted in a signifi".nt a"""-uãiã'il'ih".i and C.
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For
re_
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xcept that in each stud

space two V-shaped
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In preparing pane
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stud space in a
realistic installation.

uniformly. A random pat_
es, more or lesg discon-
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through the
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wood at several points. 
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cì¡rves for panel 3A1 in Figs.
the occurrence of some convective effects.

except
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rhe postiv" 
"r"o"tål 

llå
and 1l indicates that no

occurred. The sligh[y
3Al at the higfrer cotd-

due to the redr¡ction of
I temperature diJf erences

åj;:;:"t"d 
bY the voids

TEST RESULTS COMPARED WITH THEORY
In.the 

.cornpanion paper,2 relationships are de-veloped for the heai I
i,,"u i" t i*"'iä i ïä åiï::i,,åïî-i i ï ff "ä:îii :



q = Ccclw H (Tw - t.)

shere
cccl = an apparent heat-transfer coefficient

for combined fluid eonduction plus
convection i¡ the insulation

W and H = width and height of air spaces

T and T^ = temperature of air spaces onw c warm side and cotd side, re-
spectively

In the second model, the temperature i¡ the
dr spaces varies linearly wtth height. The heat-
tranofer coefficient dr¡e to combined fluid conduc-
tion plus convectlon in Eq (4) ls then designated
CccZ 

"nd 
the air spaee temperatureg refer to aver-

age values.
From the eqrlations given il the companion

prper, 2 values off C""t and Cccz *ere calculated

for panels 142 and 182 at the various tegt condi-
Uons. These panels had 2-in. thick insulation lo-
cated at the center of thestud spaces with air spa-
ces on eltler side. The fluid properties were de-
termhed at mean temperatures of the air spaces.
Values of C""2 were based on the average tem-

perature difference from top to bottom of the air
SPaCeS.

Determination of C""1 and Css2 required a
knorrledge of the air-flow coefficients of the in-
sulation. These were determined bycareful meas-
urements on l-ft sq specimens of botÌ¡ types of in-
sulation. The flow rates r,r¡ere line¿r with pres-
sure difference at the small pressure differences
l¡volved. At a fixed pressure difference, the flow
rates varied inversely as the product of tlickness
end density for a specific insulation. Air-flow co-
dllcients obtained were 5300 and 3360 cu ft/hr,
¡q ft, (Ib/sq ft pressure diffe¡ence)/in. of thick-
negs for insulations A and B having densities of
0. 86 and 2..L Lb/ st ft respectively.

1o calculate the apparent condr¡ctance of in-
arlaüon plus air spaces on both sides, it is neces-
8¡rT to make an estimate of the air space conduct-
uces; an average of 1 Btu/hr, sq ft, F was taken
trom nalues in the ÀSHRAE Guide Ar¡d Data Book.

q¡Iation plus air spaces is tl¡en given by:

õ --1'le=W
- The results of t¡eee calculatlons, using values

" 
boü C""1 

"nd 
C""2 are summarized in tãule ut,

and are compared with values of Cr" derived from

the heat flow measurements, using Eq (3). Theo-
retical values based on C"c2 are ln better agree-

ment with experimental values than those based on
cccI

CONCLUSION

Measurements reported in this paper demonstrate
the increase in heat transfer due bo convective air
flow that can occur in wood-frame walls containing
air-permeable mineral wool insulation with air
spaaes in contact with both sides' The effect of
this air interchange between tìe air spaces in-
creases with Íncreasing temperature difference,
air space height and air permeability of the insul-
ation, Use of mid-height blocking and higher den-
sity insulation thus reeulted in some reduction in
the heat flow through the insulation, although con'
vective effects were still signifícant,

With the 2-in, thick insulation, convective air
ftow effectswere negliglblewhen the insulationwas
isolated from the air spaces by an impermeable
membrane, or when at least one of the air spaces
was eliminated, for example, by installing the in-
sutation firmly against the sheathing. When in-
stalled against the sheathi¡g in a realistic rnanner,
some small convectfve effects were noted. fhis
emphasizes the desirabiiity of careful installation,
especially when the material doeg not completely
fiII the stud space. If it is not possible to ensure
that air spaces will not occur on both sides of the
insulation, an airtight membrane in contact with
the insulation should be used,

Although the measurements reported in this
paper have been for air-permeable insulation, it
èhould be noted that similar convective effects can
occur with Ímpermeable materials with air spaces
on eitler side if joÍnts and boundaries are not alr-
tight.

Good agreement was obtainedbetween convec-
tive air flow effects derivedfrom tÌre wallheat flow
measurements and those predicted from thetheory
presented in the companion paper.'
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DISCUS$ON

l:. ii. lor?, Granvilre, ohio (vrritten): Mr.
Wilsôn, Mr. Wolf and Dick Solvason are to be con_

.,gxatutated ón a fine paper. The information pre-
.ser¡ted in this paper is a wçJ.come extension to the
paq9" I published in 1964 ahd the work published byI. Hoglund in 1963iand'1964.

Have you haäfth'e opportunity to study the several
papèrs on this subject published by the National
Swedish Council for núitàing Researtfri

The conclusions developed fromyour research
agree with those reached by myseU and tho,se of
Hoglund on the effects of air cúrrents"i¡_fibrous -

few cases where the order
esults differs, I believe it
in our test configurations
and fiber si2e of the in-

s ulations te sted. C hanging the se variable s c an make
large numercial changes in the test results: ihi;point canl be shown by a Iiterature search on the
many papers that have been published to prove an
author's point.

,. As
shown,
fibrous
ing des

,AUTHOR WILSON: I very much appreclarp n,LorÍ',cornments, 
-especially since-tüy gi;;i

opportunity to refer to the work of Dr. i"ãf", iSweden.
The work that we

_o¡1t 
in 19.62 and 1963,-an

papers were prepared
had the pleasure of hayi
Iást yeai with us aSã vis
aware of his wórk.
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