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At the present time there are various methods known for testing the

thermal insulation properties of materials. These simulate condition when

air-penetrable clothing is worn in wind. A detailed survey of these methods

is given, for-example-in . However, conditions for testing thermal insula-

tion properties of materials in models differ from conditions for testing air-

penetrable clothing in i tnd. To assess the degree of difference and the

authenticity of the results achieved it is essential to examine the physical

processes which govern the transfer of heat through air-penetrable clothing

in wind.

We will look at clothing as if it were a multi-layered cylindrical

package containing an air layer (Fig. 1). The thermal insulation properties

Lf clothing are a:cepted to be the sum thermal resistance, which is (Fig. 1)

the sum of the thermal resistance to heat emission from the external surface

Rsurfac -of the external package R external' of the air layer Rair' and of the

internal package R internal When there is an increase in wind velocity and the

outer material of the external package is completely wind proof Rxternal will

diminish, but the thermal resistance of the materials and the air layers will

not change. Therefore the lessening of Rsum of an air proof package in wind

is determined by the reduction of Rsurface only.

Now let us see what happens when air-penetrable clothing is exposed to

wind. Because of dynamic interaction between the wind flow and the surface of

the obstruction, a definite pressure builds up on the outer surface - a pressure

which, generally speaking, distributes itself unevenly (Fig. 2). The pressure

in Fig. 2 is shown as a fraction of the dynamic wind pressure p D

PD = pW2 /2 (1)
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where w - wind velocity, metres/sec.

p - air density kg/metres 3 , which depends on its .emperature

t, °C, and the barometric pressure H, in column mm of mercury

.= I.293 •t H
t -+ 273 760

The pressure pD is found at the frontal point A. At points B and C,

where the air stream is moving parallel to the surface, there is a rarefraction

(vacuum). At the rear end of the body (point D) pressure may be partially

restored.

At a certain air penetrability of the external package, air will filter

through it in directions from areas of maximum pressure to areas of minimum

pressure. If the thickness of the air layer is sufficient for the passage of

filtered air, air will move through the material in a transverse direction, but

-along the surface lengthways it will move along the air layer (along the path

of least resistance).

When this is happening a constant pressure pair is established in the layer.

In general, the velocity of filtration u vill be determined by D'Arcy's Law(3)

u = k (2)1

where Ap - the fall in pressure H/m2 over a length I nmetres.

Ap/1 -s che finite expression of the pressure gradien . The

coefficient k. m1/l1.hour reflects the texture and porosity of

the mat rial and is the velocity of filtration (air-penetrability)

of the material (package) in a given direction at a pressure
Hgradient 1 =,/m.
m

In areas where the external pressure p > pair, air filuers in, but in

areas where p - pair' air filters out from the air layer. The quantity of air

which passes through the envelope is proportional to the corresponding shaded

area in Fig. 2*.

*The quantity of air entering the layer through the surface, where p > pair

equals f (p-Pair)dS (dS - element ef area). The magnitude of the integral

is proportional to the shaded area between p and pair"
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Because in a stable regime the quantity of air entering the layer equals the

quantity which leaves, the value p r is determined by the equation of the

shaded areas in Fif. 2.

The movement of air through clothing fundamentally affects its thermal

insulation properties. Air filtering through the package carries with it a

certain amount of heat (enthalpy), which lowers the effective thermal resist-

ance of the external package Retral. The thermal resistance of th- air

layer Rair is also redr vd because of the systematiz movement of air in it.

Therefore when there is an air layer, air filtering causes a noticeable reduc-

tion in R in air-penetrable clothi.ng comparec - ,,ir proof clothing. As all

the air going through the external package passes alog the external air layer,

the heat resistance of the internal package d -s not change.

When there is no air layer the velocity of filtration is wainly directed

lengihways along the material, the filtration path is significantly greater,

and the quantity of filtered air according to formula (2) is much less than

that in the conditions of diagram l,a. Therefore additional transfer of heat

by the moving air, although it takes place, is relatively small.

The additional transfer of heat by filtered air can depend on the geome-

trical dimensions of the body. Where there is an air layer the movement of

air from an area of high pressure to an area of low pressure takes place

along the air layer, which does not offer resistance to air movement no matter

what length its path (that is the absolute dimensions of the body). Therefore

additional transfer of heat by air in this case does not depend on the dimen-

sicns of the insulated body. Where there is no air layer, filtra:ion takes

place along the material, and in an envelope of larger dimensions the filtra-

tion path will be greater. In accordance with Formula 2, a lesser quantity of

air will pass along this path, and the additional heat transfer will be smaller.

On a flat insulated body too, air filtration can take place only because

of pressure differences on the flat outer surface, and all the results obtained

above are applicable, qualitatively, to a flat body.

On the basis of these physical considerations, it is possible to assess

the applicability of various apparatus and methods described in literature

for analyzing the thermal insulation properties of air-penetrable clothing

in wind.

When flat models- are tested in wind which is blowing at an angle to their

surface, the dynamic wind pressure can be distributed unevenly, but where there
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is no air layer, reduction in the thermal insulation properties of the material

is very small( 8 ). Tests where there is no air layer can be considered as

uttempts to simulate close fitting clothing (sweaters and so forth). However

with close fitting material, results of tests Jepend on the dimensions of the

object. Therefore any value in analyzing the thermal insulating properties

of such clothing can only be found in tests in calorimeters(9) which simulate

the form and size of a man.

In(10), the opinion is expressed that in the establishee work regime for

a flat appj-atus, a pressure must be set up in the air layer equal to the

dynamic pressure at the surface, and therefore the existence of a layer does

not cause additional filtering. This can be true only when the wind pressure is

constant alcg the whole surface of the model. These conditions cannot corres-

pond to actual conditions, where the nature of pressure distribution along a
surface must be close to that depicted in Fig. 2.

Tests of the thermal insulation properties of materials in wind carried

out by many authors( 1 , 1 1 and others) have shown that, in full accord with the

propositions discussed above, the thermal resistance of materials where there

&,s an air layer is significantly lower than where there is no air layer.

However, if on the surface of a material no difference in dynamic pressures is

created (for example, when wind blows parallel to P flat surface or to the

axis of a cylindrical calorimeter(6,7)) then, whether ir not there is a layer,

because filtration is absent thermal resistance is not :owered (1).

Tests with flat apparatus where air filtration through the material takes

place can only give a qualitative assessment of the thermal insulation proper-

ties of air-penetrable materials in wind. This is because for a plane and

cylindrical surface the magnitude and character of the dynamic pressure distri-

bution along the surface can vary greatly at the same wind velocity. Therefore

the quantity of filtered air through a unit of surface and the corresponding

additional transfer of heat for the latter can be noticeably different. =

The nearest results for clothing must be given by calorimeters where there

is a compact envelope of material (cylindrical), because here the general

character of surface pressure distribution is close to that expected on the

surface of clothing. However,even in this case it is essential to take account

of differences between the trial conditions and actual conditions. Of these

differences it is necessary to note first of all the fixed air layer in

calorimeters.
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In clothing there are significant air layers (12) buL under the action of

wind the thickness of these layerc can change. In particular at the frontal

end (point A in Fig. l,a) due to action of the pressure differential, the

material (package) can be pressed towards the internal rp:ckage, and at a

sufficiently high wind velocity there can be a total -.atening at this point.

Then the quantity of air filtering inside the package is significantly reduced

(due to the increase in the length of the filtration path when it is directed

in this instance partially lengthways along the material). This cannot happen

in calorimeters, where the air layer is intended to be rigidly fixed and clos.

contact is not permitted. For this reason clothing can be much warmer in wind

than might be expected from the results of tests in calorimeters.

There are other factors besides, which cause differences between the

thermal insulation properties of models and clothing (the curvature of the

models, the difference between the clothing form and a cylinder and so on).

Let us also note that tle pressure distribution of wind on the surface of a

cylinder in an aerodynamic tunnel and in the atmosphere can be widely different. =

CONCLUSIONS

In wind, filtration of air takes place through the material of air-

penetrable clothing as a result of the difference in dynamic pressures on the

surfa~ce of the clothing. When there is an air layer under the material, air

filtration through the clothing and the associated transfer of heat is signi-

ficantly greater than when clothing is tight fitting.

When there is an air layer, the reduction of the thermal resistance of an

air-penetrable package compared with a similar airtight package does not

depend on the dimensions of the insulated object. When clothing is tight

fitting, this lowering of the thermal resistarce will be lesser in a larger

object.

The Post duthentic results must be given by testing the thermal insulation

properties of air-penetrable materials and packages of outer clothing in

cylindrical calorimeters in wind tunnels. However~even in these experiments

it is necessary to take account of the fact that air layers can be compressed

and therefore clothing can be a good deal warmer than an envelope of the same

material in a calorimeter with a fixed air layer.



p-

REFERENCES

(1) K.G. Gushchina: Thermal insulation propert"- •f 4ibrics and
present day methods of assessing them. Precis of
a thesis. Moscow Textile Institutc (19 ).

(2) A.Ya. Milovich: Thecry of dynamic interaction of bodies and liquid.
Moscow (1955).

(3) V.I. Aravin and Theory of mcvement of liquids and gases in an
S.N. Numcrov: undeforming porous setting. GITTL (1953).

(4) E. Richardson: Dynamics of the ideal liquid. "Mir" (1965).

(5) M.A. Mikheev: The basis of thermal transmission. GEl (1956).

(6) R. Meredith and Physical methods of research into textile
J. Hirl: materials. Moscow (1963).

(7) J.D. Tallent and "Text Res. Journal", 21 (1951) 591.
R.K. Worner:

(8) P. larose: "Canadian Journal of Research" 25, Sec. A, 4 (1947).

(9) P.E. Kalmykov: Methods of hygenic research into clothing,
MedgiL (1960).

(10) L.N. Sezin and The Tight Industry Higher Educational Establishment's
M.I. Sukharev: Journal (Izvestit) 5 (1968).

(11) C.D. Niven: "Canadian Journal of Technology", 34, 5 (1956).

(12) K.V. Karlina and The Light Industry higher Educationa' Establishment's
L.I. Tret'yakova: Journal (Izvestia), 5 (1969).

""is6-
IS _



POW_____ - - --

....... . 2a

~~~~~~ Crs seto fa.lohDgpca

- - - - - --
3- - 4__ _ _

Fig. 2. Crostribection of dyam-otic pre cuealoge te.ufceo

3.-rine rnzc l packag0 40.-m insan ai stread witoayin

velocia Df 15 A/e(

Paep 7frfxr
PaAlL - -


