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THEORIE RENDANT COMPTE DES EFFETS DES COURANTS
D’AIR DE CONVECTION AU TRAVERS DES ISOLANTS THERMIQUES
FIBREUX

SOMMAIRE

L’auteur présente la développement théorique d’une hypothése rendant compte du
transfert de chaleur au travers d’un isolant poreux par une combinaison de
conduction par 1’air et de convection de 1’air. En vue de réaliser cette étude,
1’auteur choisit un isolant fibreux aux deux faces perméables 4 1’air. Il analysa
théoriquement le comportement de deux modéles: le premier bénéficiait de
‘températures uniformes sur chaque face de l'isolant, tandis que 1’autre était
soumis 4 un gradient régulier de températures a chaque face. L’auteur réalisa des
mesures de transfert de chaleur au travers de 1’isolant fibreux d’un panneau normal
de 4 pieds de haut et de faible densité. Les résultats expérimentaux ont été

comparés avec ceux fournis par 1'étude du premier modéle.
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S. WOLF

A Theory for the Effects of Convective Air Flow

through Fibrous Thermal Insufation

Low density fibrous insulation usually posses-
ses more than 95% void space which in ordinary
application is occupied by air. The thermal con-
ductivity of this material is a complex property
because the threebasic mechanisms of heat trans-
fer, conduction, convection and radiation, play a
part. The insulating value results from the fact
that the gas contained in the pores is at rest, or
that any convective motion present is small. Sev-
eral papers have been writtenon the thermal prop-~
erties of fibrous 'msulation,l'2 however, the in-
teraction between fluid conduction and convection
has not been fully investigated.

Verschoor and Greebler!found that in guarded
hot plate tests, where the insulation fills the space
between plates, gas conduction is the mechanism
which contributes the largest component of the heat
transfer. A situationcould arise in practice, how-
ever, where air spaces exist in contact with one
or both sides of insulation. The insulation would
then act as a permeable membrane, allowing air
movement by natural convection between the spa-
ces, as a result of the pressure difference created
by different temperature conditions. This air
movement would decrease the total heat transfer
by fluid conduction and increase convective heat
transfer. The resulting overall effect would be an
increase in the apparent thermal conductance of
the insulation, ‘

Lotz3 detected the presence of convection cur-
rents in several applications, including insulation
with neither face, one face, orbothfacespermeable

S. Wolf is a Research Asgistant, Thermosciences Div,
Stanford University, Stanford, Calif. He was formerly
Research Officer, Building Services Section, Div of Build-
ing Research, National Research Council, Ottawa, Ont.,
Canada., This paper was prepared for presentation at the
ASHRAE 73rd Annual Meeting in Toronto, Ont., Canada,
June 27-29, 1966,
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to air flow. Negligible effects on the total heat
transfer were observed for the first two cases;
however, the last one showed a significant increase
in heat transfer.

Two simplified models with both insulation
faces permeable to air were analyzed to determine
the heat transmission rate by combined fluid con-
duction and convection. Experimental results are
included to substantiate the theoretical develop-
ment.

THEORY
Model 1

The situation to be analyzed is schematically rep-
resented in Fig. 1. Two sealed cavities are sep-

Fig. 1 Natural convection through fibrous insulation
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arated by a vertical partition of fibrous insula-
tion, having an air flow coefficient A . The air
densities and temperatures are assumed uniform
over the insulation area at p c and p w? and Tc and
T .
w
Since no net mass flow occurs across the in-
sulation, a neutral axis must exist where the ab-
solute pressure is everywhere equal. The pres-
sure difference between the two air spaces at any
level can be expressed as

P=P -P =@, -p)Ey 1)

The fluid velocity can be related to the pres-
sure difference across the insulation. Assuming
that the flow is laminar, the apparent velocity is
given by the basic relationship of Darcy's Law as

- AP @)

According to the work of several investigators
(e.g., Carman?), the value of A, based on both
capillaryand particle models, is a function of fiber
diameter and porosity. For highporosities, as en-
countered in lightweight fibrous insulations, no re-
liable analytical prediction of A was available
and an experimental method was used to determine
an air infiltration coefficient, which in turn allowed
determination of A, The infiltration tests showed
that for the pressure differences in a normal ap-
plication, the volume flow rate, and hence the vel-
ocity, is directly proportional to the pressure dif-
ference. This validates the assumption of laminar
flow., The infiltration coefficient is defined as a
proportionality constant between flow rate per unit
area and pressure difference across unit thickness
of the insulation. Hence, it follows that

A= pux @)

Combining Eqgs (1), (2) and (3), the velocity may be
expressed as
-2 . -p)E

V=T c " Py g .y = By 4)

The convective air flow, Q, from the warm
side to the cold side through the top half of the in-
sulation of width Wand height H, and the equal flow
in the opposite direction through the bottom half
can be found by integrating Eq (4) from 0 to H/2.

H/2

WBJ y dy

o (5)

= WBT

1]

Q

Ignoring conduction effects, the predicted heat
transfer associatedwith this air interchange would
be

9@ =P © T, - T.)

:I) Cp WBSi

(6)

(T, - T,

This can also be expressed in terms of a conduc-
tance coefficient Cc such that

q, = C, WH(T, - T,)
then
c =5c BHE. c, X80P He
c  ® % B P Leg, ™

The heat transfer due to fluid flow as expressed
above is modified, however, by conduction in the
air in the insulation. Similarly, the heat transfer
by conduction in the air in the insulation is modi-
fied by the air flow. This interaction is expressed

by Brown” in the following heat conservation equa -
tion:

V_dT _ a®r
dL o«
dL

This equation assumes conduction in the air only in
the direction normal to the plane of the insulation
and neglects conduction in other directions. Inte-
gration and substitution yields the following equa-
tion in differential form:

" ) ( T, VLo T,
=Wvp ¢ dy (8)
cc P\ eVL/oz o1
. H H .
Integrating from y = - 5 to + 5 gives:
H/2
2 BLy/«a
8 e +1
dec =P cp v B: (Tw ) Tc) ;12 BLy/ %1 vy

2 x = BLH/4a
- BH 2
9 =pc W (T. - T) 324
ce p 8 v ¢ BLHZ[xcothxdx (9)
where
x BLy _ Aapyg
2a 2a ¢
if we write
9 x =BLH/4«
32 « _
5 5 3 / xcothxdx—Kcc
B'L“H
o (10)
2
then q = = BH
cc ) cp w 5 (TW - Tc) ch
or q =q K (1)
cC c cC (12)

An apparent conductance Ccc can be used to ex-

press the combined conduction - convection heat
flow:

C
cc

qcc/ WH(TW - Tc) (13)

¢ K
p _8_ cc (14)
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The heat transfer by the conduction-convection
mechanism is therefore the transfer that would be
predicted on the basis of convective flow alone
multiplied by ch

The value of ch is function of BLH =

4o
A Ap Hg o
3o g and C _is equal to P Cp A ApHg
c c e e et .
8L g,

In a given application, the heat transfer is there-
fore influenced primarily by A, H and A p. The
density difference is a function of temperature dif-
ference so that both ch and Cc become a function

of A, Hand A T. At lowvalues of these threepar-
ameters, ch is very large and Cc small. Athigh

values, ch becomes asymptotic to 1.0, while Cc

increases in direct proportion to the product of the
parameters.
Values of ch were determined by numerical

integration of Eq (10) and are shown in Fig. 2.
This figure shows ch vs X H for various tempera-

ture differences and applies only to air at about 70
F on the warm side. Values of Cc are also shown

for the same conditions.

When X H A T is very small, the heat transfer
is by pure conduction. This can best be shown by
Eq (8) which, when V approaches zero, reduces to:

- k .
d = W (T - T) dy

k
or q = WHT: (Tw - TC).
The heat transfer coefficient Ccc can there-

fore range from a minimum of k/L to a maximum
of Cc depending on the magnitude of A HA T.

By rearranging and adding terms in Eq (13)

8 1x10? 2 4 6 8 1x10® 2 4 6 8 Ilal0*

ft S/he, b force

the conductance factor Ccc can be expressed in

terms of the following dimensionless groups:

CccH = g Cp H gp Ap H3 ch
k 8g HL k M
¢ (15)
Nu = G Pr Gr K
ce
(16)

where the term G can be regarded as a geometri-
cal factor peculiar to the system.,

[T A

G = =
8g_ HL 8g, HL

Model 2 (17)
In the second situation analyzed there is a uniform
vertical temperature variation in the cavities on
either side of the insulation. The neutral axiswill
be located at the horizontal centerline of the in-
sulation, so that pressure difference, air velocity
and flow rate will be the same asfor model 1. The
temperature in the cavities may be expressed in
terms of the centerline temperature as follows:

Tw - me + Dy (18)

and Te " Tme & DY (19)

where D = 54Ty (20)
H
and - _IiSy<_}i
2772

The total heat-transfer rate due to fluid conduction
and convection is obtained by substituting Eqs (18)
and (19) into Eq (8), combining with Eq (4) and in-
tegrating fromy = - H/2toy = + H/2

H/2
= W5 - BLy 2
Q. = Wp c, Bé/[y (me Tmc) cothz— +2Dy ] dy

i

) B=5% (K + K

8 cc tv) (21)

=Wpec (T -Tmc

p ' mw



where

_ 2
Kiv = 3 mw- —“mc¢

Comparing this result with that obtained for model .

1, it isevident that the only modification is the ad-

dition of the temperature-variation variable, Ktv’

to the ch- factor. As beforefor the pureconduc-

tion case, when the factor BLH/4c isverysmall,

the heat-transfer rate defined in Eq (21) reduces to
' k
q = WHE (TW - TC) (22)
For the pure convection case, thetotal heat-trans-
fer rate hecomes:
HZ
qQ=WB3— b ° (me - Tmc) (1 + K., (23)

It is evident that Ktv acts to increase only the con-
vective mode of heat transfer. The Ktv variable

may be thought to occur because the significant
temperature difference for convective heat trans-
fer is between the temperature of the fluid enter-
ing and leaving through areas locatedan equal dis-
tance above and below the neutral axis.

The apparent heat-transfer coefficient due to
fluid conduction and convection, C may now be

defined so that

Qe = Cee WH Thw = Tme! (24)
The final correlation among dimensionless groups
then becomes

Nu = G Pr Gr (K + K_)
cc tv

cc’

(25)

EXPERIMENTAL PROGRAM

The experimental program was designedto demon-
strate the increase in heat transmission of fibrous
insulation due to convective air flow and, in addi-
tion, to verify the theoretical correlation among
dimensionless groups.

TEST APPARATUS

Heat transmission rates were measured with the
wall panel test unit which has previously been de-
scribed. f Basically, the apparatus consists of a
cold-box/hot-box combination; each box is 4 ft
deep with an 8-ft sq opening. Panels lining the in-
side walls are heated in the warm box and cooled
in the cold box by circulating liquid. Additional
surface area for cooling is provided in the cold
box by finned tubing. The warm-box liquid can be
controlied between 65 and 75 F to within + 0,01 F,
The cold-box temperature can be varied down to
about -25 F.

Heat transfer to the testwall on thewarm side
is by natural convection. The surface conductance
at the warm side of the test panel simulates that
obtained in practice and agrees closely with values
published in the ASHRAE Guide And Data Book.
Facilities for forced circulation are available in
the cold box but for this test series natural con-
vection conditions were provided.

TEST WALL AND TEST PROCEDURE

Glass fiber insulation manufactured without paper
backing, of 2-in. nominal thickness, having a uaen-
sity between 0.8 and 0.9 1b/cu ft and an average
fiber diameter of 0.4 mil was used in the experi-
mental program. A standard 4-ft batt was in-
stalled in a 14 3/16- by 48-in. opening with the
long dimension vertical; this was centrally located
in an 8-ft sq partition fabricated from 2-in. thick
foamed polystyrene glued to 1/2-in. thick plywood
backing (Fig. 2). The insulation was maintained
at the desired 2-in, thickpess by 1-in. hexagonal-
netted wire mesh stretched across both sides.

To isolate the effect of convective air flow on
heat transfer, tests wereperformed with andwith-
out polyethylene sheeting oyer the insulation surface.
Tests were conducted with the warm box maintained
atabout 72 F, while the cold boxwas varied in steps
down to about -20 F. Temperatures of inside and
outside air and insulation surfaces were measured
by copper -constantanthermocouples. Temperature
readings under steady-state conditions are consid-
ered accurate to within + 0.1 F, and heat transfer
measurements to + 1%.

The heat transmitted through the insulation
was obtained by subtracting the heat transmitted
through the partition from thetotal measured. The
heat transmitted through the partition was cal-
culated from partition-conductance values deter-
mined in previous tests,

To compare the test results with the theory
just presented, the heat transfer by radiation must
be known. An apparent radiation coefficient was
determined from measurements with an 18-in.

Fig. 3 Testwall
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Fig. 4. Vertical temperature variations with poly-
ethylene coveringl: (1) warm-side air; (2) warm sur-
face; (3) cold surface; (4) cold-side air; (5) cold-box

air

guarded hot-plate conductivity apparatus by sub-
tracting the calculated heat transfer by fluid con-
duction and solid fiber conduction from the total
measured. Measurements on a 2-in. thick sample
of 0.90 Ib/cu ft density at a mean temperature of
55 F and a temperature difference of 40 F result-
ed in a total conductivity of 0.255 and aradiation
conductivity of 0.079 Btu/ hr, sq ft, F/ in. The
radiation conductivity may be expressed as:

i T 3 (26)
€2 m

The factor 1/€ 2 js anopacity factor dependent upon
temperature. For the limited temperature range
encountered in the experiment, 30 F < Tm < b5 F,

h =4c¢
r

Fig. 6 Total heat-transfer coefficient (C,) of insulat
tion withandwithout polyethylene covering as a func-

tion of aver all temperature difference
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Fig. 5 Vertical temperature variations - without

polyethylene covering: (1) warm-side air; (2) warm
surface; (3) cold surface; (4) cold-side air; (5) cold
box air

the radiation conductivity (applicable at a bulk in-
sulation density of 0. 85 pcf) was determined as

- 3
h = 6.0x1010 T (27)
r m

TEST RESULTS AND DISCUSSION

Figs. 4 and 5 show vertical variations in temper-
ature at the centerline of the insulation section,
with and without a polyethylene cover over the in-
sulation surface. In Fig, 5, the occurrence of con-
vective air flow is indicated by the decreased tem-
perature over the bottom half of the warm surface
of the insulation and the increased temperature

Fig. 7 Apparent thermal conductance of insulation
due to gas conduction and convection vs air tempera-

ture difference
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over the top half of the cold surface. Thesevaria-
tions can be explained with reference to the air
movement. Cold air moves from the cold side to
the warm side below theneutral axis, thereby low-
ering the warm side surface temperature; an op-
posite air movementand temperature effectoccurs
above the axis.

Thevariation insurface temperature of the in-
sulation section with polyethylene covering is due
to convection currents within the insulation. Such
internal convection currents were also noticed by
Lotz who found, however, that the average heat-
transfer coefficient was practically the same as
that determined by guarded hot-plate tests.

The total heat-transfer coefficients for the in-
sulation Ct, withand without the polyethylene cover-
ing, wereobtained by dividing the total heat trans-
fer through the insulation by itsarea and the over-
all air temperature difference, These coefficients,
plotted as a function of overall temperature dif-
ference in Fig. 6, demonstrate the effect of con-
vection inincreasing the total heat transfer. At an
overall temperature difference of 90 F. the ap-
parent thermal conductance of the insulation has
mcreased by a factor of about four.

The insulation heat-transfer coefficients dueto
fluid conduction and convection only, Ccc’ were

determined by subtracting the calculated heat
transfer due to radiation and solid fiber conduction
from the measured total. These values are plotted
in Fig. 7, and are compared with the theoretical
curves calculated from Eqs (7) and (13) applicable
to model 1, which simulates the actual test condi-
tions more closely than model 2. Values obtained
from Eq (7) are for heat transfer by convective air
flow only, while those from Eq (13) are for com-
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Fig. 8 Convective air flow through fibrous insula-

tion in a vertical partition

bined conduction and convection. It is seen that
gas conduction predominates at low-temperature
differences, and gas convection at high-tempera-
ture differences. In Fig. 8, the Nu numbersbased
on test values of Ccc are plotted against the cor-

responding valuesof Pr Gr ch, based on average

fluid properties and a measured value of the air
flow coefficient, ), of 460 cu ft/hr, sqft, 1b/sq ft
pressure difference/ft of thickness; definitions
are in accordance with Eq (15). Also shown is a
theoretical Nu curve based on values of G calcu-

Table I. Test Results

Test No. 11 12 13 14 15 21 22 23 24 25
q Btuh 222|339 |s503 [s599 |7er |21 |321 {518 598 |62
t, F 44.4 | 30.9 | 1.0 | 0.8 |-17.4 | 44.3 | 30.0 112 | -10.2 | -21.6
t, F 73.2 | 72.9 | 72.8 | 2.6 | 7205 | 73.1 | 73.0 | 2.8 | 72.8 | v2.8
q, Btuh 21 45 86 119 [190 |-16 23 39 44 50
a_ Btuh 45 | 6.1 79| 86 | 9.4
q, Btuh 0.1 { o2 | o2 02| o3
C,Btu/hr, sq ft, F 0.155 0.224 0.208 o0.350] o0.447] o0.12| o0.11| o.11] o.11] o.11
C, Btu/hr, sqft, F| 0.1200 0.19§ 0.275 0.325 0.426
K. 1.22| 1.10| 14| 1.03| 1.02
Gr Pr x 10° 3.26 | 5.20| 8.26| 10.1 | 13.7
Nu 32.8 | 53.5 | 77.6 | 92.5 |124.0




lated from Egq (17). The theoretical correlation
according to Eq (15) then becomes

Nu = 9.13x10™° Pr Gr K (28)

Agreement between the experimental and theoreti-
cal correlation is within a few per cent. The heat
flow attributable to the insulation in the tests was
a relatively small part of the total measured. Even
small percentage errors in the total therefore re-

sult in relatively large percentage errors in the
insulation heat flow.

The factor ch is useful in predicting whether

convective air flow will bea problem in a practical
installation, Eq (14) can be rearranged to read:
. e
/K == (29)
cc Ccc

In this form, 1/Kcc represents the ratio of the

convective flow heat-transfer potential to the total
heat-transfer coefficient (exclusive of radiation
transfer and fiber conduction). As l/ch ap-

proaches zero, Cc also approaches zero and Ccc

approaches the fluid conduction coefficient k/L.
At low values of l/ch, Eq (29) can be expressed

approximately as:

C
c

Ve ¥ WL+ C, (30

The value of ch required to limit the increase in

heat flow due to convectiveair flow to any specified
ratio of the total conduction-convection through the
insulation can be calculated from Eq (30). For ex-
ample, if the increase in heat flow due to convec-
tive air flow at a specific temperature difference
is to be limited to 10%, then the value of K must

be 10 or greater. If the insulation properties will
not provide a sufficiently high ch valueat the design

condition, then an air barrier mustbe incorporated
into the system.

The value of X H for the insulation used in the
test was 460 x 4 = 1840 which gives ch values of

about 2.5 at 10 F temperature difference andclose
to 1.0 for the 90 F temperature difference. The
air leakage coefficient required for a ch greater

than 10.0 is very low; A H must be lower than
about 35 for 90 F temperature difference and, if
H were 4 ft, A must be less than 9.

CONCLUSION

Theoretical relationships have been developed to
describe the heat transfer by combined fluid con-
duction-convection through air-permeable insula-
tion with vertical air spaces adjacent to both sur-
faces. The fluid conduction-convection is shown
to be a function of fluid properties, air flow coef-
ficient of the insulation, insulationheight and thick-
ness, and temperature difference; a correlation in
terms of dimensionless groups has been derived.
Results of measurements on a 4-ft high insulation
specimen over a temperature difference range

from 30 to 90 Fwere in agreement, with the theory,

The relationships suggest that very low air
flow coefficients are required to minimize convec-
tion effects and, in practice, an air barrier in

contact with the insulationis required if air spaces
occur on both sides.
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NOTATION
English Letter Symbols

A,B,C,D= constants defined when introduced

P =  gpecific heat of fluid
g =  acceleration of gravity

=  gravitational constant

H = height of insulation
C ¢ = total heat-transfer coefficient for insulation
C =  apparent heat-transfer coefficient due to
¢ convective air flow
C =  apparent heat-transfer coefficient due to
ce fluid conduction and convection
k =  conductivity of air
k =  apparent radiation conductivity through in-
¥ sulation
K = conduction-convection variable
ce
= temperature-variation variable
tv

= thickness of insulation

mean free path at very low pressures for
f . .
molecule-fiber collisions

P = pressure
q =  total heat-transfer rate

= t{emperature

ie =  equivalent warm side temperature
T = bulk mean air temperature on cold side

=  bulk mean air temperature on warm side

mw
v = fluid velocity through insulation
w =  width of insulation



y =  vertical co-ordinate

X = - variable defined in Eq (9)

Greek Letter Symbols

a =  thermal diffusivity
= property difference

€ = fraction of incident radiant energy absorbed by
a fiber
fluid density

o
il

= mean fluid density
air infiltration coefficient/unit thickness

= ﬂuid viscosity

R s
f

=  Stefan-Boltzmann radiation constant

Dimensionless Groups

G = Geometric factor Sg)\ oL
c

Gr = Grashof number gpAp }13/;42

Nu = Nusselt number Ccc H/k

Pr = Prandtl number ch /k

Subscripts

b =  air on one side at bottom

c =  cold-side air

i =  insulation

m = mean of surfaces

p =  partitions

r = radiation

s = solid fiber

t =  air on one side at top

w = warm-side air
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APPENDIX A

The conduction-convection variable in Eq (10) may be re-
written as
2 E
ch=_2 f x coth x dx
E o

where E is defined as
E= BLy _ AApHg

4o 4agc

Values of K., as a function of the single dimensionless
group E were determined by numerical integration and
are shown in Fig. A-1. The application of this figure is
not restricted as that in Fig. 2, but rather applies to any

fluid at any temperature.

Fig. A-1 K__ as a function of E




DISCUSSION

B. E. ENO, Brookings, S. D. (Written);: 1 would
like first to question the results indicated in Fig.
7. The C ¢ Ccurve comes from Eq. (7) where CC

is shown as linearly proportionate to Ap which in
turn is linear to AT across the insulation. CC in

Fig. 7 is not a straight line. Also the gap between
the Cc and Ccc curves should represent conduction.

If the AT across the insulation is increasing it does
C

seem reasonable that the ratio % = ch should de-
c

crease but it does not seem reasonable thatthe con-

duction effect reduces to zero. The latter should

still be an effect superimposed upon the convection

effect.

Secondly, Table I seems to indicate that radia-
tion heat transfer is considerably greater than con-
duction. Since the technique for calculating radia-
tion heattransfer is not a very exactingone, Iwould
be suspicious of the accuracy of predictions on con-
duction.

Finally, it appears that only one type and den-
sity of insulation was chosen. This may not be
sufficient to prove the theory although it readily
shows the convection effect being predominant. I
think the grand conclusion is simply to keep poly-
ethylene covers on.

AUTHOR WOLF, (Written): The apparent heat-

transfer coefficient due to convective air flow, C o

is by Eq. (7) linearly proportional to pAp which
isinturn, by assuming the application of the perfect

gas law, proportional to (l/Ti - 1/va ). Hence,
T c } and the

C c curve in Fig. 7 should not be a straight line.

C c is not a linear function of (T _—

The gap between the C c and C ce curvesin

Fig. 7 decreases as AT increases, and in the
limit, as AT approaches infinity, the ratio C ce /

C c = K ce approaches one, as is also shown in

Fig. A-1. This trend is as expected, since it will
be recognized that the heat-transfer, conduction-
convection equation, Eq. (8) or (9), reduces to the
pure convection form for highvelocity or low Ap or
high AT. Similarly, for low velocity or low AT,
the equation reduces to the pure conduction form,
so that as AT approaches zero, C approaches
k/L. e
In Table 1, Tests 11 to 15 were performed with-
out polyethylene sheeting over the insulation. The
rate of heat transfer for the insulation due to com-
bined fluid conduction and convection, (qi -q

qg ), varied from 78 to 95% of the total insulation

heat-transfer rate, q i Regarding the effect of

an error in q L upon the accuracy of the fluid con-
duction-convection heat-transfer rate, q ce it
will be recognized from Table I, considering for
example test 15, that a 2% error in g r will result

in an error in q ce of only about one-tenth of 1%,

The last point of the discussion is well taken.
Only one type of insulation was tested to demon-
strate the usefulness of the theory. However, the
theory was further provenby application to a differ-
ent type of insulation, as reported inthe companion
paper by Wolf, Solvason and Wilson (1966).

G. D. DAVIS, Providence, R. I1.: What steps did
you take to ensure that there was no condensation
or freezing of the moisture or the air, if one hap-
pens to have sub-zero temperatures?

K. R. SOLVASON, Ottawa, Ont., Canada: This
did not become a problem because the dew point in
the entire apparatus very quickly came to a dew
point in the cold box. Both boxes, in effect, came
down to the dew point temperature in the cold box.
The samples were considerably above the cold box
or the dew point temperature so that there was no
possibility of any condensation in the system. These
boxes were sealed well enough so thatthere was no
infiltration into the boxes.
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