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I Introduction

'Lately carbonized corkboard has vers( fre-
quently been used for a_thermal insulating.
- material at subzero range of temperature and
" .more recently layered metal sheet has been o

adopted for the same purpose Provided the
thermal conductivity is the same -for two

- and Layered Metal Sheets at Low Temperatures
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~ kinds of materials cited above, the latter is -

rather supenor to the former since the metal -
sheet 'shows a smaller detrimental mﬂuence
~ eon the msulatmg power due to the condensa-;

- tion of water vapour and the famhty in the

‘removal of mmsture by either warming ‘up

or desiccation. The conductivity of heat of

carbonized corkboard(“and layered aluminium

sheets‘” has been measured at temperature
. ranges of 20° ~-150° and 0°~500° respectively, -
while S0 far as the -writér is awareno sys--
tematic observation has been undertaken to -
‘extend the said range lower than an ice point, - ‘
exceptmg ‘the allied ‘study on the chromium

: .steel plates insulator that is called “Ferro—
. Thérm” by Magormack‘” -

' The presént study was. made to fulﬁl
above mentioned requlrement to know t
thermal data ‘that are necessary for t

* _practical design of cold storage, constructwns

’ \‘_ II Methods and Ptocedures

In order to measure - the thermal conduc- - 1\k
was -

t1v1ty, Niven's cylmdncal me‘thodm
g adopted pnncxpally, however, the companson

" .corkboard 15 inchés thick and 110

. method which will Be described " below . wae

also employed owing to the benefit of sim- o

N

phcxty and the economy of material.

(1)« Niven's method applzed on carbomzed C

corkboard : As shown in Fig.; the heater at

‘the entral core of the cylinder. ‘was ‘made by

iy

i

,msertedcm a copper tube. of 22 mm in
- meter and 305mm in length Both ends of the

ped Wlth two pairs of - termmal one pair
~used for supplymg the electnc current

both -ends of ‘the heater; The heat energ ’g
-developed in the heater was.about 0.3~0:%::
watt imtotal length. Four d:scfform bl
each 110 mm in d:ameter, were cut from

‘dlameter, Wlth the vxew to. preventing

carbomzed corkboard
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: hereby to render the heat ﬂow m radxal

The temperature gradxent in t‘he Specxmen

. the lateral Side. The extremmes of -,

1} as 10 and 20 mm apart from the surface
-the heater respectively- One more junc-
ion, .,
of these thermojunctions was measuretl
‘an accuracy of 1 a V'by means' of a Leeds
| Northrup’s type potentmmeter And the
tremotive forces of every thérmo;unctron
ealibrated at an- mterval of 52 in the
[,perature range of 46° and —60° in & cryo-
by comparmg ‘with a standard. thermo~
aple and a resistance thermometer.

"ér to determme the thermal conduct-

and eventually the temperature distribu-

nary state 6~7 hours after ‘commence-
of an’ expenment. :

an, lnﬁ

0 =g, caL/cm sec °C
1=

m), 7, and 7, the distances from the cenltre
ding readmgs of temperature

mum sﬁeetS' The same heater descrnbed

)

,‘ v

' 'M"llqmdu nitrdgein',‘ and the te"mpera-‘
1. e. the reading of J 1 Was -
about 5o hlgher than that of the cryo- -

Mmdthewlmder e N e

h'were mserted in t\he pm holes bored
fside of 'the middle. €rikboard viewed

Js were fixed just m contact with-as

was put in contact with the outside
purface of thel specimen.- The electromotive -

_vglneh was _described elsewhereﬁ” the'f
ature of Wh1ch i e. the readmg of I,

1 the specimen usually attains to a final

above ‘was_ also used and' three sheets of

alummmm foily 02 mm thlck, were: 1apped

o cylmdncally in three layers as shown in Fig.
. 2 in which -asbestine strlps of abeut 4 mm ',
“thick and- 4 mm' wide were used a8 separa-

tors between ‘successiye metal sheet layers
In- one layer of 305 mm in total- -length, 10

~ rings of such separators were arranged ma-,
“kmg~equa1 gaps ‘of 29 mm The outermost ’
_'drame’cer ‘of the specimen was about 46 mm,

. e. about 1/7 of the length, so the. end -
effect on the heat flow was also very small
‘in this case. The thermojunctions Ji, Jas 35
and L were eqmpped at the middle portion
of the cylinder in. contact with the surface -
of the heater and the - -successive layers of
alummlum sheet, and the readmgs of them
were obtairied after their electromotwe foroes
~‘rria1nta1ned at constant values for more t.han

g few” hours The conductlvaty of ‘heat is -
' also given by (1) SR

-

: K Hl,mini&m s_heets '

' kébestme sfrtp separator R

- Fig. 2. Apparatus for Nxvens method dpphed
. on 1ayered alumxmum sheetss '

(m) Com_barzson niethod apphed on carbon
fzed corkboard “As shown in Fig. 3, a square
block .of ‘carbonized cork-200x200x 80 mm in.
dimension was cut out and a square hole of
100>< 100 mm was bored through . its central
posmon A ‘square drsc-shaped heater ‘was

, made, winding a square sheet of mica. havmg
100 mm sides with a constantan . ‘wire of ‘No.
gauge by 5 'mm intervals 2 metres in total’

length, both ends of which were attached tm

'; —pairs of terminals that were intended for cur- .

e ( 1)~
where- I is the current through the heater
) V the potential drop on both ends-of
heater (volt), / the length. of the heater'
cylinder (cm) and 6, and 6, the corre-i

(i) Nivew's méthod applied on Iayered

¢

~ rent and’ potential leads respéctively, and then

it was sheltered with two sheets of mwd
covered with two- copper plates of the same
dimension on both sides. Next the heater
in question was put between two pieces of

: corkboard,,.one of Wthh was cut from the -

board whose conductlvrty was already known
by means of  the aforesmd method and the

other one: wa's \taken from the board whose» o
" Then =~

conductrvrty was under investigation.
. _thxs ‘'specimen as a whole was inserted in the
square hole bored in cork referred to above'in . .
B N \ ’ " K » b - R - N ! V . e
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A (A) Carbomzed corkboard The corkboard.

o b4l

- 200
=100

&

- ‘ g:ven in’ Table 1.,

B Frg. 1 rgspectwely, and the augumentahm
- in the value of A in the undermost ro

Fxg. 3. Apparatus for companson method applxedl

‘ on carbomzed corkboard

‘order to lessen the lateral drsperswn of he“at

Three thermo;unctmns Were provided, one of
~ which ( Ji) was in contac¢t with the heater’s
- .surface’ and ajpe-other two (],,, J5): at symmet-
_ r1cal positions with regard to the. ‘heater, i. e

“each 21 mm apart from the heater’s surfaces

into the ‘corkboards whose conductivities -
_were to be compared. The “thermal conduc—
. txvxty of the specimen is expressed by,&

h 7\'3 (81 03)

6,0, (2)

; ’ where hs is the thermal oonduct1v1ty of the
- standard sample and 0;, 6, and b; ¢ orreSpond_

to -the femperature readmgs of T, J, and Jg

respectwely ‘
"By means of the comparxson me“thod, one_‘
‘ can measure the thermal conductivity w1th-' .
. tegard to the warious kinds or states of speci-
- mens easrer than vaen smethod in addition

to the saving of mafenals, for: mstance, it

. can be applied wheh the specimen of the best

~ condition in the degree of carbomzatron is

searched for. S , D

TIL Experunental Results

exammed ﬁrst/by Niven’s - method has been

'supplled from “A” company, whlch was princi- =

o Table 1 Corkboard from “A” company

Temperaturee (°C) N (eals/;moc) (rrca;/r::nob ) o
- 26«32 . 143%10-4 - | \5a5%10-2
. 19~23 - | '1.40X10* ¢ 504x10-%
—23~—30 927X10 3.34%x10-2
L —46~57 | 647X10-5 | 2.33x10-2
T 15M9 .,147x1o—4 53ap10-2

S

.., ture absorbed at low temperatureS. oL

" in Table 2 by means of the comparim
method S :

S gas phase, of course, including radiatmn.’

. dens:ty “of 0.208 gr/cm3

perhaps be ascr1bed to the. mﬁuenceo

~-The materials: suppked from “B” conipay
lvhavmg the s¥me density and the lighter ot
due “to over-carbonization - gave the resulf

4"
Table 2. Corkboards from “B” compan

: ,Bulk densrty i Tempera-~ " 2" ; ":
(gr/cmS) - | tures (°C) ("al/e"émoc)
0208 | -21~24 | 1.42X10-4
A ..47~._eo 6.1610-5 |"
0138 .| 20~24. ,1.5‘8><10r4‘?'

(B) Layerea’ al; ummmm sheets‘
‘of measuremént on the layered Ak
-sheets are shown' in-Table 3, in whi

" data that were' obtained ‘when the ‘speciy
" was-kept il hydrogen gas at normal pressu

‘are also glvert "’3

Table 3 Layered alunnrnum sheets.
o (I V=021~0. 26 watt)

’ A = = A,

N Tempera- ,

* Atmosphere| tur:slngs) (calg;réloc)

CAir(latm) | 12~14" | 143x10-4 |
» | —20~—23| 9.35X10
2 —39~—42 [77.71X10-5 { -
" [—56~—6L | 570%10-5 |

Hy(latm) || 11~12° |839%10-4,
,; —62~—64 | 3.41 x1o—

In the data shown in T-able 3, they ctmtai:é/
_the part of heat transmitted through ashe
tine separators in addition ’co the: heat car
by conductron and- convection through thi

~

e IV Resume C

(1) Thermal conductivity of car‘ 0
_corkboard and -layered aluminium sh

<0
s



range from'. room tempe_ratu to = 60°,

)« The. conductiv:taes of . th matermls
“eited above show remarkable monotonous
éecrease as the temperature is lowered

mlum gheets layer a8 that cited in
‘hls paper is adopted the hea,t msulatmg

“!S)‘,_ Wﬁen tin sheets have been usqd in

If the _similar constructmn of th‘e‘

N

%

8 place of alumiinium sheets almost the same'
A rwults coﬁld be obtamed .-f '
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