FILE NAME: Military Specifications (MS)

DATE: 1936

DOC#: MS007

DOCUMENT DESCRIPTION: Journal Article - Heat Insulation - The Society of Naval
Architects and Marine Engineers - Transactions



e e e e R AT B

. I e . - .
s e e - ‘ 3
L “ . . . “,- .o T »‘. N )
P A R e, BN S

THE SOCIETY OFF NAVAIL ARCHITECTS
AND MARINE ENGINELRS

TRANSACTIONS

Volume 44
1936

Published in 1937 by
The Society of Naval Architects and Marine Engineers

29 West 391th Street, New York City

g Spe SRR

A

T SERRT T T

.

Ry



RS e— i ol oA T s ] e e b

e T R T
< us s @

s Fddad TSl et Tt i

HEAT INSULATION

By Caprray Oryoxn 1.

The present-day high-pressure stean plants,
with temperatures in excess of 500 degrees F.,
have created a new problem in heat insulation.
The old standby for many years, 85 per cent
hydrated magnesia earbonate insulation, is not
suttable as it caleines and decomposes at tempera-
fures in excess of 500 degrees .o An extensive
amount of rescarch has been conducted by various
manufacturers in an effort to develop and pro-
duce insulating materials for the higher tem-
peratures, which will meet the Navy Depart-
ment requirements as to conduetivity, structural
strength, weight, ete.  In general no single ma-
terial will meet all of the requivenments, with
the result that different types are heing useld,

This paper diseusses heat-insulating materials
from the standpoint of the requirements of the
naval serviee, service experience and the resalts
of tests condueted at the U, S0 Naval Engineering
Experiment Station.

GINERAL

Heat-insulating material may be defined as
that substance whieh prevents or minimizes heat
losses,  Tts use on the external surfaces of main
and auxiliary machinery, boilers, evaporators,
heaters, conneeting piping, ete, under operating
conditions, is necessary for several reasons:

(a) To promote efficiency of plant operation
by minimizing heat losses;

{h) To prevenk abnormal or unduly uncom-
fortable temperatures in the maehinery spaces,
especially in the closely confined spuces on hoard
ship;

(¢) To prevent injury to personnel through
contact with hot surfaees; and

(1) To prevent or minimize fire hazards.

The various types of heat-insulating materials
mentioned m this paper are discussed relative
to the regnirements of the naval serviee as speei-
fied by the various Navy Department specifica-
tions. The data presented were obiained pri-
marily from the results of tests conditeted at

* Diirector 17, 8, Naval Englneerlng Experiment Statlon,
Aunapolis, Md

Cox, U. 8. N, Visrror*

the U. 8. Naval Engiucering Experiment Sta-
tion.  These tests are condueted to determiue

the suitability of the materials for use on ships
of the United States Navy. The test apparatus
and procedure were developed with the view of
simulating service conditions.  The mere fact
that a material satisfactorily passes all of the
tests cannot, in itself, be accepted as conelusive
evidence that it will be satisfactory under aetual
service conditions. This is especially true of
the new types or brands. It is believed, however,
that the tests do show whieh materials are un-
suitable and which materials give promise of
being suitable,

The tests are condueted to deternuine the fol-
lowing characteristies:

(a) Conduetivity,

{(h) Durability.

{¢) Kase of application,

{d) Density.

Conductivity is of primary importance, Tt
15 a measure of the effeetiveness of the material
to prevent heat losses. The lower the con-
duetivity the better the insulating value.

Next in importanee is durabilitv—a quality or
charaeteristie denoting ability of the material to
withstand  the operating conditions of heat,
shock, vibration. abrasion, moisture, ete. Oper-
ating eonditions un board ship, as regards shoek,
vibration and moisture, are considered to be
nmore severe than in shore plants. Sueh con-
ditions require materials of greater durability.

Liase of applieation, for both the initial instal-
lation and for repairs. involves cost, time and
degree of skill required of the workmen

Density is of importance especially on ship-
board mstallations where space and weight are
at a premium,

Trsr MuTuobs

The tests conducted at the Experiment Sta-
tion may he summarized brieflv as follows:

Conductivity Trgt.  For pipe covering it ig

determined on the pipe test apparatus (Fig. 1)
which consists of a 36-ineh section of 3-inch
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standard wrought-iron pipe. The covering under
test is applied to this pipe. Inside of this pipe
there is an eleetrically 1nsulated 2-inch iron
pipe around which are wound three heating
coils. The center coil covers the 30-inc¢h middle
section—each end enil covers a d-inch end see-
tion. The 2-ineh pipe is eentered in the 3-inch
pipe and the ends are elosed with insulating
disks.

The heat supplied to each voil 1s regulated by
means of a variable resistance. The input to
each eoil is adjusted until the temperature of
the pipe over the end coils is the same as over
the eentral eoil. Uuder these eonditions, cor-
rections for end losses are climinated, and the
heat supplied the central eoll 1s dissipated
radially through the eentral 30-inch scetion of
the covering. The temperatures of the inner
and outer surfaces of the covering are measured
by means of iron constantan thermo-coujles.
The input to the central coil is computed from
voltmeter and ammeter readings. Runs are
made at several different pipe temperatures.
The resultant heat loss curve represents the
British thermal units lost through the cover, per
square foot of pipe surface, per hour, per de-
gree F. temperature difference (pipe to room)
for the particular thickness of the material under
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test.  The conductivity of the pipe eovering

material 35 caleulated  from  the  following
formula:
i (r, loge r?~)
koo - mag Y
(1 — 1)

where JI == heat loss, British thernal units, per <quare
foot of pipe surface (30-inch central section only con-
sidered) per hour,

k = heat cowductivity of material.

11 = inner sinface temperature of material, degrees ¥,
T: == outer surface tempernture of material, degrees It
7 == inside rudius of material, inches,

72 == outgide 1adius of material, inches.

Using this conduetivity, the losses to be ex-
peeted from all sizes of pipes andall thicknesses
of material a1 any pipe temperature may be
calenlated.

For flat seetions, such as blocks and insulating
cements, the conduetivity is determined in the
flat plate testing apparatus shown in Fig. 2.
The apparatus eonsists of a round heater plate,
3 inches in diameter, to eaeh side of which is
applied a T-inch thiek, 8-inch diameter disk of
the material to be tested.  Additional insulation
is supplied as shown in Fig. 2. The entire
assemblage is surromnded with pulverized dia-
tomaceous earth. Electrieal energy is supplied
the heater plate by two coils—one coil heats the
central G-ineh diameter area and the other ecoil
the l-inelt vini. Thermoconples are installed to
indieate the femperatures at different points
across the face of the plate and at the outer face
of the test disks. When the temperature across
the face of the heater plate is constant at all
points, it is assumed that all of the heat sup-
plied to the central heating eoit is heing dis-
sipated throngh the test disks, Iowever, in
order to minimize the effeet of losses throneh the
edges of the test disks themselves, only the
central d-inch area of the test disks and plate
are eonsidered in ealeulating the eonduetivity.
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4Turns perinch
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The eonductivity is caleulated from the follow-
ing formula:
Hax
T-T:
where /[ -= heat loss, British therma! units per square

foot of surfuace (central 4-ineh section only considered)
per hour.

ko=

I=heat conductivity of material,

Trmner surface temperature of materfal, degrees I,
Lz=outer surface temperarure of material, degrees I,
o=thickncss ot materinl inches.

Conductivity values are obtained for different
temperatures, Conduetivity is plotted against
the mean temperature of the high and low-
temperature faces of the material.

As a general rule numerical limiting values

Heat Knsulaﬁpg Pipe Covering

'r .
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as to conduetivity are not specified. To be
acceptable In this respect, the eonduetivity must
compare favorably with other approved types.
Shock and Vibration Test. A section, In pipe
covering form, is mounted on the test apparatus
(Fig. 8). The pipe, with the material applied,
is installed in a horizontal position on the vibra-
tion machine, In this position the material is
subjected to 700 vibrations per minute through
an arc of 15 minutes with a radius of 30 inches,
for a period of at least 96 hours, The material
is weighed before and after the test. KExcessive
loss of weight (about 5 per eent), sagging, loose-
ness, erumbling, ete., are causes for rejection.

Variable Throw
Crankwhee!
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HEAT-INSULATING MATERIAL

Hardness. Hardness is determined hy a
plastometer. The degrees of hardness of the
various insulating materials, in 1/100 millimeter
using a l4-ineh ball, are specified by the Navy
Department specifications.

Resistance to Abrasion. The structural
strength is determimed by an abrasion test
(Fig. 4). In this test twelve 1-inch eube speei-
mens of the material and twenty-four 34-inch
oak cubes (specific pravity of wood 0.653). are
placed in an oak box having inside dimensions
714 inches by 734 inches by 734 inches. The oak
box is then closed and it is rotated about its
own axis at a speed of 60 revolutions per minute
for two 10-minute periods. At the end of each
10-minute period, the cubes of the material nnder
test are removed from the box and the per cent
loss in weight, due to pulverization and breakage,
is determined. The maximum allowable loss in
weight is 40 per cent after the first 10-minute
run and 60 per cent after the seeond 10-minute
run.

Physical Changes Under Ieat. Specimens of
the material are subjected to a soaking heat, at
various temperatures, in an eleetrically heated
oven for a period of six hours. Changes in
hardness, loss of weight, and linear shrinkage,
are recorded. The size of the test specimens,
oven temperature and allowable limits of change,
are specified by the applicable specifications,

Moisture Absorption. Specinmiens are sub-
jected to an atmosphere of 90 per cent relative
humidity at 120 degrees F. dry bulb for six
hours. The Inerease In weight 1s noted and the
per cent absorbed by volume is ealenlated.

INSULATION
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Moisture absorption is Hmited to 3 per ceut by
volume.

Water Ahsorption. This test is not required
by the specifications, but is eondueted to obtain
information which nneht be of future value.
Npecimens similar to those employed in  the
moisture absorption test are immersed in water
at 80 degrees IV for six hours. The increase in
welght is recorded.

Chemical  Analysis. A complete  chemical
analvsis is made in accordance with aceepted
Jahoratory methods.

Weight. Expressed in pounds per cubic foot,
The applicable speeifications limit the weight.

Adhesion Test {Insulating Gements). The
adhesive properties of insulating cements ave
determined on the cement adhesion test appa-
ratus {Fig. 5). This apparatus consist of a
steel plate and a steel ring, each 1014 inches in
diameter and 3g-ineh thick, centered and held
in parallel planes 2 inches apart by four studs
set in the ring. The inside diameter of the steel
ring is 614 inches. The material under test is
held between the ring and the plate. A steel
disk, 6 inches in diameter and 34-inch thiek,
completes the surface in the plane of the ring.
The adhesion of the material to this disk is
nieasured,
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The insulating cement 15 applied to the appa-
ratus as follows: The steel ving is laid on a
flat, horizontal plate.  The steel disk is laid in
the center of the ring, its venter conventrie with
that of the ring.  The continuous flat surface
thus presented is eovered with a 2-ineh froweled
laver of the Insulating cement. Ring, disk, sup-
porting plate and cement are dvied at 300 de-
arces I'. to constaut weight in an electrie oven.
The 101,-inch steel plate is then secured in
place by the four stwds. Ilooks are serewed
into centered loles on the outside surface of
plate and disk.

A measured load is applied to the hook in the
steel disle while the specimen is suspended from
the hook in the steel plate.  Adhesive property
is expressed in pounds of Ioad (to eause rupture
of bond) per square inch of sample. The aver-
age of three determinations is used.

In the cases of new type materials, of which
no previous data or information are available,
the test proecedure is somewhat altered—the ma-
terials being subjected to test for a longer period
of time. If any doubt s{ll exists as to the
suitability of the material, the approval is with-
held untit it has sueeessiully withstood serviee
conditions for a Hmited period.

CLASSIFICATION

The Navy Department general specifications
for machinery specify heat-insulating materials
as follows:

(1) For insulating steam, hot water, and hot
fuel-oil containing surfaces, and in general to
prevent loss of heat by radiation, the standard
insulating materials shall be “83 per cent mag-
nesia’”’ (Navy Department Speeifications 32M2)
wherever the temperature of the insulated sur-
face will not exceed D00 Jdegrees 10,

(2) Where the temperature of the insulated
surface will be above 500 degrees F. and will
not cxeeed 850 degrees ., the hsulating ma-
terial shall be high-temperature insulation (Navy
Department Speeifications 32P3

(3) For the insulation of combustion surfaces
in general, where the normal full-power oper-
ating temperature will exceed 500 degrees I,
and will not be In excess of 1300 degrees I,
high-temperature msulation (Navy Department
Specifications 32P3) shall be used.

() In licu of the materials speeified in para-
graphs 1 and 2 above, “‘erinkled’” aluminum
foil (Navy Department Specifications 47A5.
grade BB) or rock wool (Navy Deparvtment Speci-

R T CB b a s atekdaildoctliea o oae 2 E
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fications 32P0) may he used, subjecet to all of the
foowing conditions:

(a) Where welght saving is a consideration
and where definite saving in weight will result.

(b) Where the temperature doees not exeeed
{30 degrees I,

(¢) When

Bureau.

specifically  approved by the

(5) In addition to the optional materials listed
in paragraph |}, preceding, where irvegnlar <ur-
faees are to be covered, asbestos eloth pads of
convenient size may be used when specifically
approved by the Bureau. The asbestos cloth
<hall be in aceordance with Navy Department
Speetfications 32C11, type B. The pads shall
he filled with magunesia asbestos eement or pul-
verized  magnesia bloek (Navy  Department
Specifications 32M2) where the temperature will
ot exceed 500 degrees F. and asbestos fiber
(Chrysaotile) or (Amosite), or rock wool fiber
(Navy Department Speecifieations 32P5) where
the temperature will not exceed 750 degrees I,
The pads shall be sewed and quilted with fine
wire or with ashestos twine in sweh a manner
as to provide a wniform thickoess of insulation.

IFor many years 85 per eent magnesia insula-
tinn predominated the field of heat insulating
waterials,  The ease with which this material
could be applied in its various forms, its low
conduetivity, its relatively low cost, its compara-
five lightness in weight and durability, were
factors for the retention of its use on board <hip.
The temperature range at which this material
conld be wsed, however, was Thnited. At tem-
peratures in excess of 500 degrees I, it caleines
and deconmposes.

The use of high steam pressures and tempera-
tures in excess of 500 degrees F. has presented
a new problem i heat insulation. As 85 per cent
magnesia is unsuitable, it became necessary to
investigate, develop and employ other {ypes of
heat-insulatine materials, These materials were
required  to have highly efficient insulating
properties and physical propertics which would
not depreeiate at the higher temperatures.

Iixtensive investigations and tests have been
condueted on these materials. No one type has
beent found to possess all the required proper-
ties, henee this has resulted 1 adopting and
emiploying a group of materials which may b
elassed as follows: :

(a) Sectional and segmental molded insula-
tion.

(b) Fabricated felted rock wool.

e on A A i D s 2 e St
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(¢) Aluminum foil.

(d) Tusulating cement,

(¢) Asbestos pad and Dblanket
(f) Asbestos tape.

Discurs=siox

Sectional and segmental molded insulafion
materials are generatly composed of large per-
centages of diatomaecous earth amd magnesium
or caleinm carbonate bonded together with small
pereentages of ashestos fibevs,  This class of
material is generally more expensive, is heavier
and dJoes not have as hizh heat-insulating efli-
eiencies as other types. It possesses, htowever,
high heat-resisting properties and it is suitable
for use at temperatures up to 1300 degrees I°,
Consequently it is employed for the insulation
of pipe and eombustion surfaces in general,
‘where the normal full-power operating tempera-
ture will exceed 500 degrees I., but will not
exceed 1500 degrees F.

Whenever praeticable, espeeially in  pipe-
covering form, the material is furnished as an
inner layer m combination with an outer layer
of 83 per cent magnesia. Navy Department
general specificatious for machinery specify
the thickness of the layers that are to be em-
ployed for different pipe sizes aud temperatures.
The double-layer type muaterial reacts to the
manufacturers’ advantage because 83 per eont
magnesia 18 cheaper than diatomaceous earth.
Tt 1s advantageons to the Navy because the com-
bination weighs less than a complete high-tem-
perature material. The hi¢h-temperature mate-
rials in most cases are not as good heat nsula-
tors as 85 per cent magnesia, hence more heat
protection is obtained from the combmation than
from a eomplete high-temperature matevial,

Manufacturers of the diatomaccous earth
molded type high-temperature materials have
strived to improve their produet. Marked in-
provement has been obtained through the use of
caleined diatomaceous earth. This has resulted
in a more effictent lghter weieht material, pos-
sessing adegnate and ample phivsical propertios.

Fabricated rock wool wmaterials are eomposed
of rock wool fibers, felted without the wuse of
added binders and seeurcd to inner and outer
face metal supporting members, The roek wool
fibers are made from natural stone. eomposed of
caleinm, magnesinm and aluminmu oxides and
siliea,  The roek 35 melted and while in the
molten state it 1s blown with a steam jet. A

fibrons formation i obtained.  The grade of

HEAT INSULATION 475

fiber thus formed is dependent upon the process
of manufacture,  Drastic Navy Department
leaflet specifieations have been prepared m order
to obtain a hizh quality material, with a low
sulphur vontent and eontaining  a  minimum
amonn{ of undesivable shot or glassy giobules.

Phe metal sapporting members of the material
on the outer face are sereen wire or l-ineli mesh
wire covering, and on the inner face are 114-ineh
wide strips of sereen wive, spaeed 1!, to 2
inehes apart and running  longitudinally  the
fength of the material. The securing and the
fustening of wetal members together and to the
roek wool secetion of the material is performed
by individual, small steel wirves, fastened approxi-
mately 6 inches apart along the metal strips,
passing vertically through the rock wool and
fastened to the outer seveen wire covering.

Rock wool fuses at about 1200 degrees 1o,
lence 1t is not used for temperatures over 1000
degrees 1. It ranks high as regards its heat-
insulating properties. [ts mitial eost is lower
than that of most of the other types. Its weight is
approximately the same as 85 per eent magnesia.

When used ou pipe surfaces it is wrapped
around i a siugle layer and the abutting edges
of the outer sereen wire eovering are seeured
by lacing or sonme type of elip. It is more dif-
ficult to apply to pipe surfaces than the molded
type waterials. .\ tight snug fit is imperative in
order fo prevent dumage from vibration,

For the purpose of saving of weight, experi-
ments and tests are now under way using this
material as an inner layer in the combination
type.

Aluminmwm foil insulation was used in Ger-
many before it was introdueed in this eountry.
At first the idea of using a metal as an insulat-
ing material to retard the flow of heat scemed
foolhardy. Nevertheless, very thin, pliable sheets
of alumimun foil approximately 0.0003 ineh
thick, ean be applied in sueh a manner as to
form a rvather effieient insulating material, The
heat-insnlating efficieney will vary widely with
the manner of apphlication of the foil and with
the degree of expertuess with which the applica-
tions are made.  Tn its most effective form, it is
applied plain, v snceessive layers made of
individual seetions of foil separated from each
other by strips or frames made from heat-
resisting materials, such as asbestos wood or
built-up layers of asbestos paper. The cost of
applying the material in this manner is too
great for the material to be eomsidered a prac-
tieal Insulation.  Practieal applieations consist
of built-up Iavers of ernmpled foil in which no
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spacer or supporting sections are used.  1n this
form the foil is first ernmpled by hand and then
applied in lavers which are held apart approxi-
mately “g-inch, solely by crumpling.  For its
insulating value in practical installations, it
depends on the retuetance of a bright surface
to abworb and radiate heat and, in part, on the
opposition to econveetion current presented hy
the small air cells formed between adjoining
layers of crumpled foil.  Any number of layers
of foil way be applied, depending on the heat
protection desired and on the allowable bulk
of installation. In view of the fragile natuve
of the foil, each application, whether on pipe
or flat curfaces. must be protected with an outer
metal sheathing. Special eonstruetion therefore
must be provided to support the sleathing.
Aluminum  foll installations usine unerum-
pled foil and spaeer sections, as deseribed in the
preceding  paragraph, are very efficient.  As
previously stated, the cost of application is pro-
hibitive. It is, therefore, not considered prac-
tieal and its properties shonld not be used for
comparison with those of the practical type
materials.  Practical applications, employing
lavers of the crumpled foil, generally arve found
to have heat-insulating properties which are not
as good as those of rock wool and ouly slightly
better than those of the molded type materials.

The big advantage claimed for aluminun foil
insulation over other types is its lightness in
weight. This advantage is mueh reduced, if
not entirely lost, by the added weight of the
sheet metal protectors. With the aluminum foil-
type of insulation higher outer surlaee tempera-
tures are encountered than in the case of rock
wool or molded type of insulation, "This is due
to the reluctance of the metal cover to radiate
the heat transmitted to it. There have been
some cases where the outer metal eover of the
insulation on steam lines passing through eon-
fined areas was of such high temperature that
it had to be covered with other types of insulat-
ing materials for protection of the personnel.
Installations of the material in horizontal layers
eave nnsatisfaetory serviee. The lovers of the
foil sagged or closed I to the lowest level,

The melting point of the foil is approximately
1200 degrees F'. Ilence, Navy Department gen-
eral specifieations for machinervy limit the use of
the material to temperatures not exceeding 850
degrees T

The cost of alumimum foil itself i~ relatively
low. but the labor cost of applving it and the

patentee rovalties ave hich.  Henece, for cor-
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responding thickness of insulation, the total
initial cost of the material is higher than that
ol other type materials,

Insulating cements ave composed of widely
variant nuterials,  A\s a result, they vary mark-
edly in their heat-insulating and physical prop-
erties,  In general they may be divided into
the following groups, aceording to their basie
constituents:

(a) Diatonaccous earth cements.

(b) Rock wool cements,

(e) Exfoliated mica cements.

Adl cements vary greatly among themselves as
regards eonduetivity and weight, and in general
are heavier and have a higher conductivity than
other type insulating materials. They are prin-
cipally used on uneven or irregularly shaped
surfaces.

The primary characteristics to be counsidered
in heat insulating cements are the following:

(a) Thermal condnetivity.

(b) Ease of application and adhesive proper-
ties,

{¢) Coverage capacity or cost per unit volume
after applied.

(d) Refractoriness or the ability to withstand
the aetion of heat at the temperature to which it
is to be subjected.

(¢) Shrinkage, wet to dry.

The diatomaceous earth type is composed of
pulverulent diatomaceouns earth, clay and asbes-
tos fibers. This type, after applied, molded and
dried, in geueral has the most efficient insulat-
ing properties. It is, however, diffieult to apply
and has poor adhesive properties. It will not
adhere to hnt surfaces nor readily adhere to
lower or downward-facing cold surfaces, unless
reinforecing wire 15 used. Tts coverage eapacity
in general is lower than that of the other type
insulating cements.  After applied, molded and
dried, its welght, struetural strength and other
physical properties approach those of the molded
type insulating materials, The temperature
range for which this type of material is suitable
is in the realm of that of the molded type in-
sulating materials.

The rock wool type is eomposed of nodulated
rock wool fibers, clay and asbestos fibers. This
type generally can be easily applied and will
adhere to any clean, unheated or heated surface.
It can be applied to the surface of piping with-
out requiring the use of remnforeing wires. The
adlierence of this material to heated or hot
surfaces is unique,
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Raxce op Puyvsicar CHARAVCIPRISTICS

B5CE Digtoma-
Magnesia ceous Farth I|1~ul g atuenits
Molded Molded - - - - e ~  Ashestos
Insulaticn  Insuletion  Rock Wool Dmtonm- Bianket
(Pipe and  (Pipe nnd Blanket ceous Rack Eafolinted and Pad In<ulating
Materml Block) Block) I ulation Larth Weol Mica Ipsulation ‘Fape
Weght, b, per cu ft 15 18 18 6-27 5 *130 100 28 6-30 6 v 1-36 0 17 0-18 0 13.0-14.2 13 8-21.0%
Harc ness by plusto meter, 1,100 mm . S5-102 40 =65 41 0-51 0 06 121 1100 0-185.0 L Lo e
Resistance 10 abrasion  (structural
strength)
Toss in weight, per cent after 1st 10
MR TUN L0 e o eaas 2 T-31 00 11 5400 602006 220351 250-300
Loss (v weight, per cent after 2nd 10
nun. run. . .. 46 3-403 21 2 600 11 4-10 8 13 0-57.3 43 9-50.0
Hardness niter 6o: v.km;. heats-
After heating 6 hrs. at 750 deg T . 57-493 10 0-30 & 90 2-145 0 144 0-161.0 .. ...... .. Lo
After heating 6 hirs, 1t 1000 deg. F . 40-00 5 20 ,-|x O 46 0-140 0 131 U-138 0 . R
After heatmg ¢ hrs, vt 1200 deg. 1. A1-104 21580 350 130 0 130 0136 O el e e
After heating 6 Lirs. a1 1500 deg ¥ 40-112 5 QP00 HL RHN 0 1200-0800 0 L0 Lo, L L
After heating 6 hrs. at 1800 deg F, 31-154 19 0-75 0 21 0-101 0 TooSnft . ..,
Change ir weight due 1o <oaking heat
Per cent loss in wt, after henting 6 hrs.
at 70dex. Foovno i ¢ I e N s 30-T0 072 Zero L. L.
Per cent loss in wt, after hewting G hrs,
at 1000 dep. F.... ... 3450 5 0-11 0 101y 10-13 .. ...
Per cent lassm wi. after hen lmg(ihn X
at 1200 deg. I, ... .. 3 6-180 D 4-15 0 1 2-0 4 2326 L oo e
Per cent loss 1o wt. after be: mm{ﬁhrs
at 1500 deg. FF ..., . ...l 5 {800 10 3-18 © b 6h6 1 1347 i e
Per cent loss in wt, after hieating 6 hrs.
pt 1800 deg. ¥..... ....... . TEE2100 Ll Lo 1252350 Y406 66-69 ... e,
Change in linear dimensions due to
soaking heats:
Per cent shrinhage in length after
heating 6 hrs. at 750 00-20 f) 00-0 31 Zero Zero L. e e
1000 deg F..... 0020 G.00-0 65 0 00 063 Zero ...
1200 deg. F ... ¢ 6-2 0 0 63-0 0y 0 31-1 25 Zero ..o e
15‘)5\ deg. F.... 0 9-50 093-4 36 O 63-2 52 Zero ...
1800 deg. F. .. .. 23735 L. 2 h0-5 70 1 26-4 63 11-14 il e e
Moisture absorption:
Moisture absorbed, per cent by
weight., ...... ... R 33-83 6 7-129 .. . . e e 7.2-17.5
Moisture absorbed, per " cent by
volume., .. ... ..o 0830 0824 ... 0L 1.84 2
Water absorption:
Water absorbed. per cent by weight 144 0-251 0 31 0-676 0 284.0-332 0
Water ubsorbed, per eent by volume 70 0-78 0 4 0-74 0 71.0-84.2
Water retained sfter druining 20 hrs,
per cent by:
Volume., ... ... ... ... a7 0-68 0 0 0-53 0 ... . . N 55.0-85
Weight. . e e e . 117 0-212 O 0040 .. L. 224 0-256 0O
Coverage cnpzxnl\ bq fi.. 17 thick per
100 1b material .. 41 0-58 0 45 0 Gh 0 D080 e
YVolumetric shrinkage (u«t to dr\, per
cent ..., .. 18 2-25 7 11 4-20 0 9s-125 ..., .. o
Adhesive properties, lb per sa n, Zero 2 1-121 9 0-11.2 ......... .
Tensile strength, Ib. per 1n width. L i e eeaa e 162-208
Change 1n tensile strength-
Per cent lps« u tensile strength after
heating & brs. at 430 deg ¥ 0L L 0-32
650 deg F.. 0-41
750 deg F. 0-43
Change m weight-
Per cent loss m wt after henting 6 brs
ut 450 deg. F e O e i e, 12-26
6x0deg ¥ .. L L L Lo e v e 2.4-5 5
780 dep T ... et e i e e i el e s aaaaaseaes 2 5-7.1

* As apphed

TaABLE 2.--NAVY DEPARTMENT Spero

Title
General Specifieations for Machinery s
{Heat Inculation and Lagging for

Piping and Muchinery) . ...,
Cloth, Asbestas .. . .......
Magne<in: Block, Cement and Pll)(

Covering .. ...,
Insulation, High Terparature:

Cement and  Pipe Covering

tomaceons  arth)

Rock Wool; Pipe Cnvering, I{L\nku.
Cement and Fiber., .

Aluminum; Foil

Cements; General .
Pads and Blanket<; Ailestos
Thermal.

Block,

{Dia-

Tape; Insculation,

T W euvll m }(r 100 Tin, Tt

N1 ATIONS

Npeetfication

Sub~cction

32011

N36-1

32M2h

32734 and
32130

32P5h
17.A0a
In preparation
tn prreparation
Fentative
Spreifications
only

When applied and dried, the material forms
a close bond with the surface to which it is
applied. 1t does not crack, flake or erumble off,
It becomes tough and strong, and in general
not as brittle as the diatomaceous earth type. It
is not as casily damaged. The coverage eapacity
of this type is generally higher than that of the

diatomaceous earth type. TIts weight and its
heat-conduetivity  properties are higher than

those of the diatomaecous earth type. The tem-
perature ranee for which this material is suit-
able is approximately the same as that of the
diatomaccous earth type.

The exfoliated mica type is eomparatively new
as regards its use in the naval service, Informa-
tion velative 1o this material is Hmited as few
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hrands are avatlable.  The material is composed
of particles of exfoliated mica, clay and asbestos
fihers.  The exfoliating of the mea particles is
performed  under heat at  temperature  of
approximately 2000 deerees 10 The particles in
this form, beeanse of the apundanee of atr volds,

have very efficient  heat-insulating  properties,
However., they possess very  low  stenetural

strength and, in the mixing of the ecement. the
extoliated mica particles heconre compressed,
ernshed and broken. Therefore, its heat-insulat-
ing properties ard lower than those of the dia-
tomaceons  earth and rock wool tipes.  Ag
regards ease of application and  adhesion, it
compares favorably with roek wool.  The salient
properties, i cowparison with other types, are
s high eoverage capacity and lightuess in
weight.  After apphied, wolded ad dried, the
struetural strength and the temperatnre ranee
for which it is snitable are approsimately the
same as those of the other types of conents.
However, it is relatively solt and i easily
damaged,

dshestos pads ave composed ol woven asbestos
cloth in envelope form, filled with Amosite or

Chrysotile asbestos fibers and totted at elose

intervals with wire-inserted asbestos yvarn. The
woven ashestos cloth covering is cut s tailored
so that the material in its finished form will
conform with the curvature or shape of the
surface to which it is to be applied. The edgzes
and endds of the eovering are sewed with asbestos
cord ov varn. Metal laeing hooks sewed or
seeured to the outer surface ol each section
of the material provide nreans for securing and
holding it in place after it has been applied.

Ashestos Dlanlols are eomposed of  Amosite
asbestos fibers made up nto the form of rovings.
The rovings are loeated side by side and fastened
torether hy wire-inserted asbestos yarns so as to
Form mat or blanket sections,  The wire-inserted
varns i eaeh section ave Jocated approximately
#neh apart and run transversely and alter-
nately over and under the asbestos rovings.
It i~ manutfactured in the form of a felt,
approximately L-inel thick, 40 inehes wide, and
in any desired length.  In its applieation, the
material is built up in layers, the pumber of
which depeneds npon the insulating effect desived.
The Tayers ave phable and ean be readily shaped
to conform with the enrvature of the <arface to
witiel they are applied

©r EhE YAt et 4 sory Bibe ode bl RaaNa et x Tt i Bldb o s 5 4 e i




HEAT INSULATION 479

Asbestos puds and  blodeets are  employed
where the applieation of other types of insulat-
ing materials wonld be difficult or impraetivable.
The materials are frequently and extemnsively
employed for insulating pipe flavge joints, plain
and corrugated pipe bends amd turbine casings.
The materials are suitable and used at tempera-
tures up to 850 degrees I°. Thenr thermatl con-
ductivities are higher thun those of the molded
type materials.  Their weights are comparable
to those of applied rock woo! materials,

Asbestos tapes are of variant construetion.
Almost every manufacturer of this tvpe material
has his patented type of construction which he
claims to be superior to all other types. The
material i3 generally composed of Amosite or
Chrysotile asbestos fibers in the form of rovings,
slivers and listings, totally or partly eovered
with a braided or woven jacket. This type
niaterial is generally manufactured 1/4-inel and
3%4-inch in thickness, 2 inches wide, and in rolls
25 and 50 feet long,

Tapes are employed in the naval service to
insulate 14-ineh and smaller size pipe with
curves or bends. Tle material has relatively
poor insulating properties and it is used pri-
marily to protect personnel and mininmize fire
hazards. Most materials of this type are un-
suitable for temperatures in excess of 00 degrees
F. Several speeial types, manufaetared exelu-
sively for naval service use, were found snitable
for temperatures up to 720 degrees I,

Coyragvrive Dara

As a handy referenee, Fig, 6 and Table 1
eive the conduetivity range and the range of
plysical characteristies of the various types of
heat-tusulatme materials diseussed in this paper,
Table 2 hsts the Niwvy Department leaftet speci-
fleations covering these materials,

CONCLUSIONS

The various types of insulating matervials dis-
cussed In this paper have been approved for use
in the naval ~ervice. There are undoubtedly
other types which to date have not yct been
tested for conformmance to naval requirements.
Some types, which are not discussed in this
paper, have been tested and found to be un-
suitable for naval use. A number of types have
heen rejected on account of their relatively high
weight.  The present weight and space restrie-
tions in naval construction create a demand for
light and compact materials. Manufacturers
are awarc of this aid are continually striving to
produce lighter and lighter heat-insulating
materials possessing at the same time the other
required charaeteristies and properties,

The author’s thanks are due to Lieutenant
Commander .\, (', J. Sabalot, U.S. Navy. Super.
intendent Chemical Laboratory, and to Mr.
W. P. Sinelair, Assoeiate Mechanical Kugineer,
U.s. Naval Engineering Experiment Station,
for aid in preparation of this paper.

DISCUSSION

Tue PresipENT: I am sorry that Captain
Cox could not be here, not that we regret the
presentation by Mr. Whitaker, but as an old
shipmate of mine when he was in the Design
Department of the Bureau of Engineering, I
know he would have liked to present his paper
in person and to have handled the discussion.

e has introduced the subjeet of msulating
materials in a manner which T am sure will
lead to valuable diseussion by others. The
paper is now before you, gentlemen, for
discussion.

Mz, E. C. Lroyn,® Visitor: The author is
to be congratulated on his exeellent presenta-
tion covering heat lusulating materials, par-

* Armstrong Cork Products Company, Lancaster, I'a

ticularly as applied to temperatures in the
range frome 350 degrees F. to 1500 deyrees F.

Special attention should be directed to the
fact that tests ave carried out on both cylindri-
cal samples and flat samples so that the results
gained by ecach method may serve to some
degree as a check on the other. The combined
use of the two types of samples is of particular
interest to those who have been concerned with
the testing of insulating materials over the
vears. Another interesting development in test
methods is the abrasion test which follows
the procedure of the rattler test used for many
vears by the paving brick manufacturer to
determine the resistanee to abrasion of the
samples under test.

There s one test mentioned in the paper
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480 HEAT INSULATION
on which 1 oweuld like to ash o guestion, Fooproduces the best results. Asbestos tiber is

pefer to the moisture absorption test whers

~inples e subjected to an atmosphere of a6

per ettt relative humidiny it 1200 dearees 1
ary buth for sixo howes TS i nlt toosee
what bearine this moisture vegam would have
o thie serviee of an dnsulating natersdoused
at a00 decrees Foo Tt wonld be dnteresting
to know  dust o how  the e ellowable
peunin of 3 per cent by volaine was avvived
at. Quite freankly, o wondd seen that the
water  absorption  as  secural by hmniersion
would  fenisic mere vatuable data as to the

belvior of

an insilatimg anaderial e serviee
thany wonld the moistire absorption. thoneh
netther test would seem essential exeept i
the case ol Insulating materals tor use  at

tenmeratires below normal: Le. on those ordi-
narily wsed for low temperature insulation.

On pages 475 aud 476 the author points out
{oil in-
sulation as it applies at tenperatures np to 550
dezrees 1 I shounld like to ask i any tests
have been made covering the ctfectiveness of
this type of material after serviee of one year
or more on <hipboard.  Also. it would be ater-
exting 1o know whether the effeet of moksture
o1 sen waler on this foil mateial
determined by test,

There 1s one class of heat tnsulation largely
used by the Navy and on shipboard cenerally
that is not referred to in the paper. and 1
should like to know whether the author has
tested insulating brick material suelt as 15 used

sunte interesting features of alunnnm

has been

for the sulation of boiler firmaces at tem-
peratures up to 26800 degrees . Tt would
also bhe of interest to know whether or not

tests of mineral wools have been extended to
include the lighter and more efficient elass
wools which are now availuble commereially,

Me. RW. Morrmsox.” Vidtor: In Captain
Cox’s paper on heat insulation the fact is
brouneht ont that installation of lieht-weight

materials for general use seems to be retarded
becanse of their method of appluation together
with applivation costs,

A new process of leat insutation has recently
heen placed before naval avehiteets and marvine
eneineers.  This process affords o secure, easily
applied nmethod of liehi-weioht nnd
coatings Ly spraving asbestos fiber.
and dInvention of the necescarye mechanical
phases have shown that erocidolite asbestos
fiber. known in the trade as Cape blne fiber.

effictent,
Research

* Keashey & Mattison Company, Smbler,

Wowi from a nozzle divected towards the sur-
be the Aiber appearnie as i
clond snspetided niicd-air, Atomised

propeled frone o spray el contacts

fare to covered.,
et

binder

i

the fiber and bavs it onto the surtace. Mechantoal
prossing is necessary movder to even the surfaee
built up to the requived thickoess, I this
method  all generally characteristies
of asbestos retained llzllllm‘})', ZliJllfnh\' 10
withatand hieh temperatures, low thermal cone
dietivty, wid the power o resist the atiaeks
of chemival action.

This speay mothed of insulation differs from
the appheation of cements, blankets, or molded
msilations, vet combmes the best properties
of each.  Like a cement it ean be apphed to
irvevudar surfaees It forms a
tenactously adheres to
the surface, amd s applied in place.

kiowy

are

cantiions,
Lionogettenns covering,

The spray apphieation of asbestos 1« of par-
trenlar intevest inomavine work.,  The averawe
weichts of commenly used insnlation materials
ave as follows:

Coment materrals IS to 56 ponnds per eabye oot
lusnlating tapes PE 1o 22 poands per cuise foot
Thgh-tempentare anolded Blocks

19t 27 pounds per culie foot
Asbestos blankets and pads

13 to 18 pouwds per cubiv foot
Cork hoards < to I8 pounds per culne foog
Groand corh 9 to 12 pounds per cubie foot

Spraved ashestos fiber weighs only 6 to 3
pounds per cubie fuot, This lightuess in weight
is woverned by the fiber used, the biuder em-
ployed, the type of surfacing rvequived, and
the degree of firniess desired. i the spray
apphication the density of the coating 15 vedueed
in proportion to the built-up  thickiess,
Naturally this deerease correspondingly inercases
the eftiviency as a heat insnlator.  The low
thermal conductivity of the material compares
favorably with the other insulatme matertals
mentioned.  The eonduetivity s partienlarly
cood for the lower refriceration temperatuves,

This spraved material has been suceessfully
applied in marine work for the insnlation of
partitions, ceilings, tops and side walls of
eabing and salors, boiler room ceilings to pre-
vent heat transmission to rooms above, under-
side of deeks, bulkheads and stack up-takes.
Among  shipowners, this material his been
appliedd by the French Line on the s-camship
Normandic. To Nweriea its use has heen itro-
duced by the Standavd Oil Company of New
Jersey and the Gulf Refining Company in their
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oil tankers. In automobile and bus construe-
tion this method has shown additional
advantages by spraying thin members subject
to vibration. The firm adhesion of the coating
to the metal backing has a deadening effect.
There may be places aboard ship where a simi-
lar application would be helpful.

In all forms the sprayed insulation is five
resistant.  While uot entirely impermeable, it
is highly resistant to the action of water. In
general, the fiber-binder combinations resistant
to fire are least resistant to water. Where
conditions require, it is adaptable to snrfaeing
for decorative effects or appearanees, pro-
tection against abrasion, ease of cleaning,
weather proofing, and additional fire protee-
tion. The insulation possibilities of this ma-
terial in marine construction and vepair work
present a large fleld for future investigation.

Practical applications have been made with
entirely satisfactory results, for temperatures
ranging from minus 10 degrees 170 to plus 700
degrees F.; and under test conditions  this
insulation has withstood temperatures rising
fromt room temperature to 1700 degrees 17
within one hour.

Mr. C. L. Nowrox,* Visitor: The paper n
veneral seems to be very well presented and
the scope and methods of tests shown seem
1o be very satisfactory. The pipe coverinyg
conductivity testing apparvatus is practically a
standard  setup and is in accordance with
aceepted practice.  The flat plate eonduetivity
apparatus is a4 good setup which should eive
aceurate values. The tests devised for measur-
ing resistance, to vibration, abrasion and
adhiesion appear to he exeellent tests and should
give very representative figures.

The choice of materials covers the low-temn-
perature insunlating field quite thoronehly with
the possible exception of insulating brick, which
might possibly have been inchided in this report.

The only criticism of this paper which comes
to mind is the question of aluminum foil insula-
tion. This particular material has been the
subject of muel controversy and 1 feel that a
little more might have been said in its favor
in the paragraph under this heading.

In eeneral, T believe that this Is a very eood
description of available low-temperature insulat-
ing materials and should he of great benefit
to a person contemplating the use of snch
materials.

* The Babeock & Wileox Company, New York,

*

Mr, Max Burese™® Visidor:  The author
is to be highly complimented on his elear and
concise desceription of the methods ol testing
vavious  types  of heat insulation; also  his
detailed analysis of the werits and demerits
of the various materials to which he veters.

We are partienlarly interested in the com-
nents about aduminum foil iusulation, and wish
to emphasize the fuct that the author most
assuredly refers to Ingh-pressure stean. pipe
sulation in all of his statements and not to
the use of alminum foil insulation for high-
temperature surfaces such as boilers, turbines,
uptakes, ete.; nor for low-pressure surfaces
such as decks, ship sides, cold storage rooms,
bullkhiead insulation, ete. Y

In generat the methods of applying Alfol,
as developed abroad, have beeu followed by the
United States Navy Department in the appli-
eatton of aluminum foil to high-pressure steam
pipe lines. This method of application is fre-
quentty less costly than for other insulations
when equal insulating effeet is required. The
author states. ©The bir advantage elaimed for
almmimnn foil fusnlation over other types is its
lightness in weivht., This advantage is much
reduced, if not entirely lost, by the added weight
of the sheet metal protectors.”’ It is the usual
procedure of the Navy Department to metal
jacket exposed hich-pressure steam pipe lines,
recardless of what type insulation is applied.
Materials sueh as 85 per cent magnesia and
Lich-tenperatire insnlation for pipe lines arve
frequently  jacketed with wmetal.  These netal
jackets are of a siuilar weight to that required
for jacketine aluminnm foil insunlation. The
weieht of the Alfol nsulation is approximately
one hundredtlh of that of 85 per cent magnesia
or other molded  types of  high-temperature
fnsulation  thereby  making a much  lighter
weieht complete application,  This weight sav-
ing is partienlarly important on pipes 4 inches
and over m Jiameter.  In fact, 14-inch pipe
insnlated with 3145 inches of Alfol shows a
weight saving of approximately 15 pounds per
linear foot when compared with 14-inch pipe
sulated with 1%, inches of high-temperature
insulation and 2 inches of 85 per cent magnesia.

The aunthor males the following statement:
“There have heen some cases where the outer
metal cover of the insulation on steam lines
passing throuch confined arveas was of sueb
hieh temperaturve that it had to be covered
with other types of insulating material for

* \lfol Inculatlon Cempany, Ine., New York,
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protection of the personnel” The mpression
is enined that this refers only 1o Mol msnlaned
steam pipe lines, hut
where steam pipe Lines insalated with other

there e many cases
materials and metal Jacketed have had to be
covered with another jacket of msulation for the
protection of the personnel. We feel that this
point should be made clear. becanse we are von-
fident that it was not the author’s intention to
infer that alumium insulated pipe hnes metal
jacketed were the only lines aboard <hip which
have had to be eovered with an additional fayver
of insulation in order to lower the surface tem-
perature to a point where the personnel would
ot be burned.

The data recorded in Table 1 (Range of
Physical Charaeteristics), as compiled by the
author, is of utmost interest.  Although mno
firures are given in this table for awluninmn
foil insulation, it is an established fact thai
the aluminum foil inswlation is not subject
to the following factors: Increase in hardness
after soaking heats; change in weight due to
soaking heats; change m lhmear dinensions due
to soaking heats; mwoisture absorption; water
absorption; water retention.

On the other hand, the figures for water
absorption as established for diatomaceous
earth 1molded insulation, rock wool blanket
insnlation, and asbestos blanket and pad insula-
tion, are most important, These ficuves are:

Roc ASBESTOS
DIraToMACEOUS Woor BLaxKkeT
bBanTil Braskes AND DAD

Moisture Abxorption :
Moisture ab~orbed,

percentage by weight 3.3to 83 6.7to129 T2to 175

Water Abzorptlon:
Water absorbed, per-
centage by welght 144.0to 2540 31 0 to 6760 2840 to 3320

When one considers that the conduetivity
of water Is approximately ten times greater
than an average good insulating material and,
furthermore, that the types of insulation re-
ferred to absorb moisture and absorh water
at a relatively high rate of pereentage, it is
obvious that laboratory test couductivity fig-
ures do not and eannot apply in actual serviee
recardless of the amount of heat which is
within the pipe line upon whiel such materials
are applied. This is becanse of changing tem-
peratures within the pipe line and within the
surrounding area.

The possibility of condensation within an
insutation is far greater on surfuces such as
ship sides, deeks, bulkheads, cold <torage room
compartments, ete,, than it is on hizh-tempera-
ture steam pipe lmes. Therefore it is obvionsly

"5 B U S et e AL
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hiehly desieable to provide msularme materiit
which  cannot  absorb  moisture  anl whose
iswlating value canot be appreciably atfected
by condensation,  Muminuw foilinsudation,
Deing all metal, neets this requivenent,

The author states, * Installations of the ma-
ferial i horizoutal layers gave unsatisfactory
service,  The lavers of the foil sagged or
closed into the lowest level.””  We have never
heard of a condition of this kind.  When
alumintun foil is properly  crumpled, it s
o sttt in preaportion to its weight that any
number of lavers used in insulation practies
wonld be self-supporting without any settle-
ment even under severe vibration.  There are
mauy applications which have been i1 use for
approximately ten yeavs. i whieh there has
been praeticatly uo change in the jusulating
effeet of this type of construction nor is there
any sign of settlement of the various layers of
foil.

In closing this discussion we believe it i~ a
matter of public record that a great many ships
of the United States Navy are using Alfol
(Avuminum foil) insulation, and we have re-
ceived no seriotts complaints about its perform-
ance during the five-vear period in which it
has beeu in operation. Furthermore, there are
now many more ships under construetion in
which aluminmmm foil  insulation is  heine
extensively used for many purposes, as the
result of its past performance aboard ship.

Lakvtexaxt (oyMyanper R, W. BRrUNER,
U.S.N., Visitor, and Mr. F. M. McGREARY*, Visi-
tor: We have read this paper and are in agree-
ment with what lias been stated therein, with one
exeeption. We believe the following statement,
appearing on page 476, should be qualifiad; “ The
big advantare e¢laimed for aluminum foil over
other types is its lightness in weight, This advan-
tage is much reduced, if not entirely lost, by the
added weight of the sheet metal protector.”
This statement is true when aluminum foil
insulation is applied to pipe and other pres.
sure containers which are not customarily
lagged with sheet metal proteetors.

Prorrssor Gorpox B. WiLkEes, t Visitor: This
paper by Captain Cox illustrates the thorough-
ness with whieh the Navy investigates materials
that are to be nsed on its ships.

¢ Fagigeer (materialsd United States Navy Department
T Massachusetts Institute of Techuology, Cambridge, Mass,

PR

4

[y




e e -

v

-

" aran s

HEAT INSULNTION 483

The thermal comductivity appavatus reguives
solte connnent. IFrom the drawines, there s 1o
indication that any attempt has been made
to insulate thermalliy the heater plates from the
ciard-ring heater plates.  This would siceessi-
tate a mueh more accurate balance of tem-
perature between the heater and gnarvd than
in the case where one ha~ a definite thermal
brealk, because of the wmueh higher thermal
conduetivity of metals as compared in insulat-
ing materials,  The design of plate conduetivity
apparatus usually ealls for a groove cut in
the metal plates, in an attempt to reduce the
eross sectional area of the '‘through metal”
In the apparatus at Massachusetts Institute
of Teehnology, all through metal has been
eliminated between the heater and the eunard.

The moisture absorbed by thie rock wool
hlanket msnlation 18 awazingly high and is
probably due to a ivpographical error. Many
experimenters have found that roek wool, slag
wool and glass wool will only absorb a few
tenths of 1 per cent of moisture by weight when
exposed to high humidities,

Under aluminmun foil insulation, it 1s stated
that the eost of applyving “‘spaced” foil is
*“too great for the material to be considered
a practical imsulation,””  This wmay be so for
Navy work but there have bheen many examples
in the past few years where aluminum foil
his been applied in this manner at a com-
parable cost and efficiency to that of the older
types of insulation.  The Insulation of the aw
space between the studs of a frame wall by
spaced ahunimum foil is an excellent example
of @ood insulation at a cost comparable with
othier types of equally efficient insulation.

The paper also states that “‘installations of
the material (erumpled alumimun foil) in hori-
zontal Jayers gave unsatisfactory service. The
layers of the foil sagged or elosed In to the
fowest level.” Tt would be interestine to know
the actual conditions of some of these unsatis-
factory installations. There ave a great many
commmereial installations where ermmpled foil,
approximately 215 lavers to  the ineh, has
been used in a horizoutal position over con-
siderable  periods of thne with satisfactory
results,  Many refrigerator cars and trieks,
both in this comtry and abroad, have their
roofs insulated with ermunpled foil and the
resnlts  have been satisfactory  despite  the
obvious vibration.  Laboratory vilration tests
on crumpled ahwmminnm feoil in a herizontal
position show o tudication of <ettling when
it is spaced about 214 lavers per ineh, 2 inches

thick and with a foil thickness of about 0.0003
inch.

Tur Presmest: 1 was elad Mr. Lloyd made
nguiry as to whether alnninum foil insulation
has stood up i service, and whether 1t has
been resistant against  ecorrosion.  That  was
very prominently in the minds of those in the
Navy Department who were considering the
question of usimg aluminum foil more than five
vears ago. at a time whieh was given by one
of the later discussors. I think this type
isnlation has been i use for one or two
years longer than that.

1t seems {o me that the thme has been suffi-
eient for examinations to show Now this material
has stood up in  serviee and the reason I go
into it in what may sound like repetition is
that there may be soneone here from the Bureau
of Construction and Repair, who is familiar
with the results of Investigations sueh as are
always made at periodic intervals on materials
of this nature. If a representative of the
Bureau 1is present and is disposed to speak,
he may be able to add information as to the
materials which have been tried out and whielh,
as I understand, have been replacing the
aluminmum foil.

One of the points which seemed to be made
against the use of aluminum foil insulating
materials namely, that it required sheet iron
covering, would apply only in cerfain instances.
We were using it very largely on vertical sur-
faces which were already covered by sheathing
of some kind, The only weight that we had
to add to hold the foil in place was in the
form of some clover contrivances which were
arranged to lold it up.  As T remewber, no
large additional coverage was necessary for
very large amommt of i, in eonnection with
the uses contemplated for it at that time.

Mz, R C. Pagrwre* Vidtor: The author
is to be complhmented on presenting such a
elear and voneise deseription of the Navy
Department’s methods of test, of the uature
of the various insulating materials in naval use,
of the advantages and disadvautages of each.
and of thetr properties, not only physieal and
thermal  but  aectual application qualities as
determined by service experience,

The writer is i entire agreement with the
anthor of this paper that there is no single

insulation neterial which  will meet all the

s Johns-Manvith Corparation, New York,
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requirements.  Iach type mst be nsed where
its individual chavacteristioen hest serve  the
particilar eonditions of service.  When new
matertals are produced, there is quite often the
fendency on the part of a producer to believe
that the material will supplant evervthing else
in existence. However, the proper field for any
insulating material, as this paper shows, is
determined only after thorough developnent
and testing in the research laboratory, followed
by adequate field service tests.

Among the varions required properties which
an insulation must have. the anthor lHsts dura-
bility as second in importance because of the
severity of shock, vibration. abrasion, moisture,
and other ununsual condittons on shiphoard.
Also Tow density iy Jisted as especially  im-
portant. 1t is appreciated that low density in
insulating materials is cenerally obtained by
sacrificing  durability  and  for this  reason,
information on the relative valne of these two
properties would materially assist produeers in
developing nsulation for naval service,

The Navy test reguirements for nsnlation
are very complete. The test for vesistanee to
abrasion indieates the ability of a material to
withstand handling, shipping and eeneral ve-
sistanee to abuse. In reference to the test for
determining the physical chanee of a material
under heat, it has been the experience of the
MedMillan laboratory, with which the writer is
associated, that the full effeets of subjeeting
some insulating materials to soakine tempera-
tures in an electrie oven, are not obtained unless
the material is heated over a considerable period
of time. This is partienlarly true of those
nmaterials which show ervstalline changes nunder
heat.

An extreme example of this is molded mono-
hydrated bauxite block which required nine-
teenn dayvs at 1900 degrees I before complete
shrinkage oecenrred, the shrinkace having in-
creased during that period by 100 per cent
over that shown after the first twenty-four
hours.  On a precaleined diatomaceous earth
block, however, the full shrinkaee i< obtained in
approximately seven davs with an inercase of
only 75 per cent over that shown after the
first twenty-four hours.

The service experience
insulatine materials as< enunmerated by the
author are particularly valuable. They show
that the lighter type of materials such as
mineral or rock wool and alumimmm foil, whieh
in some cases (Fie. 6) show lower eonduetivity
in the laloratory tests than the molded types

with the various

sueh as 85 per eent magnesia and diatomaceous
carth, ave also subject to greater vaviation in
application  than  the molded  forms,  For
example, 1t Is stated that the roek wool type
is more difficult to apply, a snug fit beine
imperative to prevent damage fron vibratiow.
Also that installations of aluminum foil in
horizontal lavers gave unsatisfactory service,
the layers of foil sawcing or closed in to the
lowest level,

These changes in physical properties of the
material undoubtedly  change the insulating
value. It would be very desirable if tests
coudd be devised to determine the extent of
this ehange 1 insulating  value after the
naterial had been subjected to service condi-
tions. It would also be of considerable inter-
est to have data on the effect of moist air, par-
ticularly satt air, on the metals contained in
insnlations.  Exposed metals on board ship ave
painted or kept elean and protected as far as
possible from oxidation but metals within the
insulation, snelt as wire reinforecement in the
rock wool type covering and the foil proper
i alumimm foil covering, might he subject
to rapid deterioration, It is well known that
nictallie aluminum exposed to air aral snoisture
does not remain brieht, indieating a change
i the surface. so that data on the permaneney
and ultimate insulating efficieney of these cover-
ings containing metals would be valuable.

In addition, T would lke to ask the author
whether the thermocouples in the pipe covering
apparatus are all on one plane, as the drawing
might indieate. It has heen our experience
that unless these are placed in planes 90 deorees
apart in a «<piral direetion around the pipe.
von do not get a trie average temperature of
the pipe, since there is a difference between the
temperatures on the top, sides, and bottom of
the pipe.

Another point on whieh T would like some
fuformation is in connection with the condue-
tivity eurves on pawe 478, These show a wide
vaviation between the maximum and minimum
valies for some materials sueh as aluminum
foil, cements, ete., but 85 per cent magnesia and
wineral wools are shown to have a very smmall
variation, This agrees with the experience of
the MeMillan Laboratory with the exception
of tests on mineral wool, In many tests on all
types of mineral wool we have found a wider
variation in counductivity than with most other
types of material, excluding cement. The min-
eral wool curves are steeper than found by the
author, particularly ou low density material,
The variation in conductivity has been such that
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in many cases the values were higher than for
85 per cent Magnesia.

In conclusion, 1t should be stated that this
paper has given a clear pictnre of the naval
requirements for insulation and it is hoped that
fnture papers will follow from thne to time as
nore materials are tested and used Iy naval
service,

Carraixy Cox: I am grateful to My Whitaker
for the excellent manner in which hie presented
the paper and I am greatly pleased with the
spirit in whicl it has been received and discus-
sed. Before replying to the discussion, T wonkd
like again to point out that the prineipal objeet
of the paper was to discuss heat-insnlating
materials from the standpoint of the require-
nents of the naval service, service experience
and the results of tests condueted at the U. 5.
Naval Engincering Experiment Station. For
many obvious reasouns, 1 evuld not discuss
specific brands of materials but had to confine
myself to a discussion of the properties of various
types; neither could eonfidential information be
divuleed, nor conld unsuitable types or brauds
be discussed. If in answering the various ques-
tions raised I stray from my original purpose,
it will be only because the question cannot be
answered m any other way.

Mr. Lloyd questions the valuae of the moisture
absorption test and further adds that it would
appear that more valuable data would be ob-
tained from water absorption by immersion.
Some tyvpes of materials are not appreciably
affected by moist-air conditions. Towever, there
are other tvpes in which the stability is affeeted
by moist-air. The 3 per cent fimit on moisture
absorption by volume was arrived at from the
results obtained from the tests of the various
types and brands of satisfactory materials. The
main propulsion plants of naval vessels are
secured over 50 per cent of the time and dur-
ing the shut-down periods the insulation material
is subjected to low-temperature moist-air eon-
ditions. The range of water absorption by the
varions materials varies considevably.  Sueh a
wide range made it impraeticable to set definite
limits.  Although no water absorption limit was
established, the materials are required to with-
- stand this test without showine signs of deterio-
ration.

The data on rock wools does not include elass
wool.  Only one partial test has been made on
elass wool and that was some five years ago.
The material submitted at that thne was not
considered satisfactory because the method em-

ployed for its application was not practicable
add the supporting members were combustible,

Insulatine brick matevial was not included
in this paper, as the tests of such material are
not conducted at the Engineering Kxperiment
Station.

Mr. Mollison diseusses a type of insulating
nmaterial which has not been fully tested at the
Engiieerine Experiment Station.  Some time
aeo one brand of this type of insulation (sprayed
ashestos fibers and binder) was tested for its
aceonstical properties. This material took quite
some tine to apply and the binder supported
combustion,  For these reasons it was not even
constdered as a heat-insulatine material.

Referring  to Professor Wifkes’ comnients
about the condnetivity test apparatus, the heater
plates consist of two aluudum disks and are not
of metaly, as 1s to be inferred by the comment.
This apparatas and the pipe test apparatus are
in accordance with the recommendations of the
(C‘ommittee on Ieat Transmission, Divisiol of
ingineering and Industrial Researell, National
Researeh Couneil, published February 1, 1929,
The data on mosture absorption of rock wool
blanket msulation, as given by Table 1, are eor-
veet.  These values appear hich to I'rofes-
sor Wilkes, but it ntust be remembered that
standard-size specimens 4 inches by 4 inches
by 2.1/2 inches arve nsed i the test and that
the relation between exposed surface area and
weight is hieh. Tor large blanket sections. in
whielt the relation hetween exposed surface
area and weight s less, the per cent of mois-
ture ahsorbed will also be less. The Station
has tested water-repellent rock wool blankets
which absorbed little or no moisture.

The author agrces with Mr., Parlett that the
foll effect of the soaking heat tests cannot,
with some materials, he obtained within twenty-
four hours.  Mowever, the soaking leat test is
not fully representative of serviee eonditions.
A test of only six hours” duration is employed
to determine if {he material is suseeptible ta
change.

The thermocouples of the pipe test apparatus
are all in the same plane. The Station has not
conducted any tests or experiments to determine
the best positions for the thermocouples. Ae-
cording to Mr. R. II. Heilman, staggering the
thermocouples i different planes is a useless
refinement  (Meoehanical Engineering, Volume
46, No. 10, pages 605-606). In any ecase, as
previously stated, the apparatus is constructed
in accordanee with the rceommendation of the
National Reseaveh Cownedl,
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Referring to the condietivity enrves for
wineral wools, the curves ~shewn e Fig 6 are
only for three approved types whioch are m ae-
cordance with Navy Departmnent Speeifications,

Im recards to alummum forl vsalation, let ns
first diseuss the sheet metal protectorss Gal-
vanized sheet steel or abiominum alloy <heet ave
required in the naval serviee to be nsed on the
main steam lnes and on other lines ondy when
exposed  to chafing. abraston or to weather,
When aluminum foil Is used as the heat-insalat-
ine material, the sheathing 1~ 0.025 Ineh nominal
thickness; with other types of heat insulation,
the sheathing is requirved to Le 0014 inel nowi-
nal thickness,

The author concurs with Mr., Brietune’s con-
ment that ahunimum foil fnsulated pipe lines.
metal jacketed, are not the only lines on board
<hip which have had to be covered with an ad-
ditional insulation hn order to lower the surface
temperature to a pamnt where the per<onnel will
not be burned.

AR alumiinmame foil insnlation veqguives sleet
metal protectors, while other 1ypes of heat-
msulating matevial, especally for many pipe
lines, do not require metal protector~, There
are a number of steam Hues on homed ship which,
it insulated with aluminum foil. vegquirve addi-
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tronal insulation

over the netal protector to
prevent burning of personnel. while these sanme
Hnes, 1 wsalated with other materials, swonld
not require this additional insnlaticn over the
canvas cover,

I feel that my cholee of words in tl e folowing
sentence, " The layvers of the foil sageed or closed
1 to the towest level,”" has been misleadinge., Tt
did not mtend to imply that the lavers flattened
out completely, but that in horizonta: avers the
optimni void space for obtaining best efficieney
wis considerably rednced.  The Navy eontinnes
to use aluminmum foil for vertival mmsulation but
found it very diffivult to apply properly in a
hovizontal plane. The sulation was made nup
m sections and then installed.  During the m-
stallation the thickness of the material changed
as wmnch as from one inelt for three layers to
less than one-half inch for three lavers.

In reply to M. Lloxd’s question, no tests of
ahmninum foil have been made after it has been
in service for a vear or more on boarl ship.

Thr Prestorxt: We will convey the thanks
of the Society to Captain Cox for his very
interectine paper, which we are <o vlad to have
from a man of his very outstandinge experience
m that field.
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