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PART IV.*
Thermal Emasstvity vn High-pressure Grases.

The question of the heat dissipated by a hot body in gases at ordinary pressures
has received considerable attention during recent years. The subject has been
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experimentally treated in many different ways. The rate of cooling of a body
of known specific heat has been directly measured by Durone and Prrir, NARR,
MacrArLANE, Nicmorn, STEFAN, BrusH, Borromrry, WINKELMANN, Kunpr, and
WaARrBURG, HOKERLEIN, GRAETZ, &c. By CHRISTIANSEN'S method, the value of the
conductivity has been derived from the fall of temperature per unit length along
the axis of a cylinder carrying a constant flow of heat. SCHLEIERMACHER, SALA,
AvrroN, and others have preferred to measure the quantity of electrical energy
dissipated per unit time. These experiments have, however, been carried out at or
below the atmospheric pressure, and the question of the heat dissipated in gases at
high pressures has rarely been touched upon. From the ordinarily accepted
principles of the Kinetic theory of gases, it may be shown that the conductivity
of any perfect gas is independent of pressure. The experimental work of Strran
and of Kuxpr and WARBURG has gone far to confirm this law as far as ordinary
pressures are concerned. It will be seen, however, that at higher pressures, only a
small proportion® of the loss of heat is due to conductivity, and the question as to
whether the theoretical law is strictly correct, though well worth investigation, is
not of primary importance.

For the above reasons the present work has been restricted to a study of the
total heat dissipated at exceptionally high pressures and temperatures.

The Apparatus.

The method employed is the same as that described in 1898 in the first part
of the present series. It will therefore be sufficient to recall here that the measure-
ments are made by means of a wire, calibrated as an electric thermometer according
to CALLENDAR'S system, and heated by an electric current, the readings of the
current passing through the wire, and the electromotive force at the potential
terminals, being made by a potentiometer. The standard resistance had a tempera-
ture coefficient of 0°000003, and as it was efficiently cooled, the small outstanding
variations in temperature involved no correction.

The results of the comparison of this coil (0°01 ohm, Worrr, No. 779) with
two standards of reference (0°1 ohm, No. 709, and 0°001 ohm, No. 834) are given

below —-
Standard 01 ohm Standard 0-001 ohm

in terms of the in terms of the
working standard. working standard.
On the 27th September, 1895 . . 10°005 0°10004
On the 3rd March, 1900 . . . . 9-985 009991

The original resistance of the working standard was, according to the Reichsan-
stalt Certificate, 0°0099967 at 24°9 C. and 00099965 at 16°5 C. On the 3rd
March, 1900, its resistance having increased about 0°16 per cent., was therefore

* About [} th at 160 atmospheres.
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0010012 ohm. From similar observations it was
deduced that the electromotive force of the CLARK’S
cell (No. 5217 A) bad fallen by 02 per cent. during
the last two years. The variations being in opposite
directions tend to cancel, and the outstanding error
as far as the energy measurements are concerned is
not sufficient to affect the results. On the other hand
the temperature measurements are, of course, inde-
pendent of the absolute value of the standard.

The CrArk’s cell was kept in the inner chamber of
a Berthelot calorimeter; only very slow variations of
its temperature were therefore possible, and the agree-
ment of the electromotive force with the temperature
indicated by the attached thermometer was thus en-
sured.

The enclosure was formed by a steel ecylinder
60 centims. in outside diameter and 2'06 centims. bore
and 45 centims. long (see fig. 1). It was surrounded
by a water jacket. The temperature of the enclosure
was estimated by a thermometer, the spherical bulb of
which just fitted a hole drilled in the walls of the steel
cylinder, half-way along its length ; the depth of the
hole being such that the bulb was equidistant from
the inside and outside face of the wall. After the
thermometer was in position the hole was filled with
mercury to ensure satisfactory contact.

The ends of the steel enclosure were closed by the
fibre plugs (P, Py, fig. 1), held in position by the gun-
metal nuts, N}, N,. The current was led in and out by
the copper bars, B,, B, (about 1 centim. in diameter),
passing through the centre of the plugs. One end of
the radiating wire R was silver-soldered to the copper
terminal B, the other end was connected to B, by a
flexible connection (200, No. 40, SSW.G.). The radia-
ting wire was kept taut by means of the light
spring S.  One of the potential terminals T, was con-
nected to the steel cylinder, the other kept insulated
and passed through the fibre plug P;. The enclosure
was kept at a constant temperature by means of a
water circulation.

The same pure platinum wire was used as a radiator

Basintet

Waterintet
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in all the experiments, but owing to two slight accidents the calibration is not
quite the same throughout. The wire was calibrated four times during the course of
the work. ’

It is, of course, necessary to eliminate the cooling effect of the terminals, and to
ensure this, the heat dissipated by the middle third of the wire was alone measured.
In the experiments made in 1898 the radiating wire was placed vertically. At the
pressure of one or two atmospheres that was then used, consistent results could be
obtained by this disposition, and it had the advantage that the wire was an axis
of symmetry with regard to the convection currents. At high pressures, however,
owing to increased convection, it is impossible to keep a sufficient length of radiating
surface at a uniform temperature unless the axis of the radiator is horizontal. For
the reasons given in Part I (see page 506 and Plate 20), the absolute value of
the emissivity is rather greater when the radiator is horizontal than when it is
vertical. .

The pressures recorded were obtained from the readings of an air manometer,
which was calibrated in the ordinary way by weighing mercury. The glass mano-
meter tube ended in an air bulb, contained in a strong steel vessel resembling a small
Cailletet bottle. The relative volumes of the air bulbs were regulated so that one
ingtrument began reading at 7 atmospheres and the other at 100. The tubes were
so arranged that the level of the mercury in the .reservoir could be estimated, and
the correction for the weight of the mercury column calculated. An ordinary
Bourdon gauge was attached to each manometer for convenience of reference during
the experiment.

All joints and connections were made metal to metal without intermediate
packing. Where high pressures are to be used, the importance of designing the
connections in this manner cannot be exaggerated. A metallic joint once made will
remain tight for any length of time. And on the other hand, if at any time it is
necessary to change the connections, the joint can be broken and re-made in a few

minutes.

Lixperimental Work.

The same routine was observed throughout in taking the observations. The
enclosure having been filled with gas at about the required pressure, the water
circulations were started. As soon as the temperature had become constant, the
pressure of the gas, and the temperatures of the standard resistance, of the pressure
gauge, and of the enclosure, were read, and any other observations that might be
of importance, such ag the barometric pressure, the temperature of the room, of the
circulating water, &e., recorded.

In all cases two readings of the current and electromotive force were taken, so as
to cancel any thermo-electric effects by reversing the current. The differences in
the readings shown in Table I. were due in great part to inequalities in the resistance
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of the two sides of the reversing switch. They were in a large degree eliminated
in subsequent work. As however the mean of the two readings is always taken,
variations of this kind hardly affect the results.

The method of working out the observations has in all cases been identical to that
shown in Table I., but for the sake of brevity and clearness the final results have
alone been given.

The emissivity expressed in C.G.S. units is equal to the number of therms (water-
gramme-degrees) dissipated, per square centimetre of surface of radiator,* per second,
per degree Centigrade above the temperature of the enclosure. During the experi-
ments the temperature of the enclosure was usually about 18° C. The results of the
observations are recorded in Tables II.-VI. In the case of each series the pressure
indicated is the absolute pressure of the gas when no current is passing through the
radiating wire. The pressure readings recorded have been corrected for the tempera-
ture of the manometer, the height of the mercury column and the departure of air
from Boyre’s law, this latter correction being made according to AMAGAT'S results.

The importance of having some data with regard to the total heat dissipated
cannot be denied, but our knowledge of the phenomena is not at present sufficient
for a general theory to be evolved. It was therefore thought preferable to reduce
the results in such a manner that they should not involve any assumptions which
later work might prove to have been unjustifiable. It must be admitted that the
emissivity as above defined is dependent to a certain degree on experimental condi-
tions, such as the size and shape of the radiator and enclosure. But the advantage is
gained that, with these conditions specified, it is a well-defined quantity, and that
when the laws which govern the transfer of heat through high-pressure gases become
accurately known, the generalisation of the present results will present no diffi-
culties. The choice of the size of the radiator and enclosure was made with a view
to minimise the objection that has been pointed out.

Before passing to other considerations, two possible causes of error require inves-
tigation. If what SmorLucHOWSKI DE SMOLANT has called the discontinuity of
temperature —the equivalent of what is known to electricians as contact resistance—-
exists between the enclosure and the contained gas, the observations will give results
too low.

This effect, however, is inversely proportional to the pressure of the gas, and
above 1 atmosphere would correspond to an effective increase in the radius of the
enclosure of less than 0°00001 centim. It need not, therefore, be brought into
consideration.

A more serious cause of error lies in the fact that the walls of the enclosure being
2 centims. thick, the inside surface might be considerably above the tempera-

* All the results are referred to the area of the radiator as measured at a temperature of about 18° C.

T ¢Phil. Mag.’, vol. 46, p. 192, 1898; also E. Warnure and E. GEHRKE, ¢ Annalen der Physik.,,’
4th s., vol. 2, p. 102, 1900.

VOL. CXCVII.—A. 2 H
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ture indicated by the thermometer ; this again would cause the emissivity to be
under-estimated. Taking the maximum values of the temperature and pressure, we
find that in air at 160 atmospheres and 1200° C. the emissivity is 0:01259, and the
heat dissipated = Ed7.d = 5249 C.G.8. units per second, per unit length. The inside
diameter of the enclosure is 2°06 centims., its superficial area 6'472 sq. centims.
per unit length. Taking the conductivity of steel as 0°11, this would correspond to
a fall of temperature of 7°:3 C.

Thus the temperature interval we estimated at 1200, really was 1193. This cause
of error would be very serious were it not for the fact that it decreases not only with
the square of the temperature but also with the pressure. At 160 atmospheres and
500° C. the flow of heat is 1°612 C.G.S. units, making the error 2°-3 C.; at 100 atmo-
spheres and 500° C. the error is 176 C., and for 30 atmospheres and 500° C. = 1°:0 C.

Over the greater part of the range of observation the error due to this cause is
therefore below one-third per cent., but it rises to about two-thirds per cent. at the
highest temperatures and pressures

Results obtarned.

In all cases the heat dissipated by a hot body surrounded by gas is the sum of
three distinct quantities, all three being functions of the temperature, and one
at least being also a function of the pressure. The formula for the total radiation
expressed in words will therefore read—

Total heat dissipated = Convection + Conduction 4+ Radiation.
Or Emissivity = F, (p,¢) + F,(¢) + F,¢) . . . . . . (L)

Of these four quantities, two, Conductivity and Radiation, have been determined
by previous experimenters, and the determination of a third will enable us to solve
the equation for any value of ¢ or p. The heat carried off by convection not being
directly measurable, our only resource is to determine it by difference.

The experimental results will be found plotted in figs. 2 to 6. It will be seen
that in all cases above about 10 atmospheres the emissivity is practically a linear
function of the temperature, from which fact we conclude that the loss by radiation
must be relatively very small. We may therefore write for any given pressure

E=m 4 n9y.

Both the values m and 2 increase as the pressure rises: closer observation shows
that for any one gas they may be expressed as exponential functions of the pressure.
We thus obtain for the total emissivity an expression of the form

E=oap 4+ 0. . . . . . . . . (i),
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where E = emissivity in C.(.S. units, p = pressure in atmospheres, 3 = (Temperature
of the Radiator —Temperature of the Enclosure) in degrees C.  The values of the
constants a, b, @ and B, are given in the following table :—

|
l The formula holds good
|
a x 10%. b x 106 | B. o
, From ¢ =| To d = An}gl irom Top =
Air . . oL 403 1:63 ‘ 0-56 0-21 100 1160 7 179
Oxygen . . .| 387 | 1-39 ; 0'58 | 0-28 100 1100 15 115
Hydrogen. . .| 2750 1-88 | 035 0-36 300 1100 7 113
Nitrous oxide . 276 1-70 0-74 0-28 100 800 5 40
| Carbon dioxide . 207 1-50 0-82 0-33 100 1100 10 35 |
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In figs. 2 to 6 the full lines represent the formulse, the constants of which have
just been given ; the points are the actual observations. The agreement between the
calculated and observed results will be seen to be satisfactory.

The increase of emissivity with pressure in the case of air is shown in fig. 7.
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On the Variation of Emissivity with Pressure.

To return to the general formula for the heat dissipated. From the results so far
obtained, we may write for pressures above 10 atmospheres

Emissivity = ap* 4+ 0pf (1, — t.) = F\(p, ¢t) + Fy(t) + Fy(0),
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and therefore

Heat lost by convection
in therms per sq. - T4 a
centim., per degree ) = [ap“ 4 bpf(T, — Tﬂ)J — [Oll’c( I+ nT,.)J - [02 ,1",1“:]
temperature interval, rT e
per second o (),

where a, a, b, B, C,, k, n,C, are constants, p the pressure, and T, and T, the

absolute temperatures of the radiator and the enclosure.

The numerical values of each of these three terms of the above equation® for air at
temperatures between 100 and 1000 and pressures between 10 and 160 atmospheres
will be found in Table VIL, and the values of the emissivity for the other gases
studied are recorded in Tables VIIL. to XI.

If we consider the temperature constant, we obtain for the variation of emissivity
with pressure :t

E = ap* + bp°,

and we have seen that the exponents of p are different for every gas studied. 1t is
not easy to reconcile this fact with the theory that conductivity, viscosity, and
specific heat are all three independent of pressure. It must be remembered,
however, that the theory is deduced on the assumptions that the molecular paths
are straight lines, that the radius of the molecular sphere of action is very small
compared with the mean free path, and that the cohesion of the gas is a negligible
quantity.

Neither of these hypotheses seems altogether justifiable at pressures of one or two
hundred atmospheres.

* The numerical value of the heat lost by conductivity is merely given to show that, as far as our
present knowledge goes, it forms a very small proportion of the total loss observed at high pressures.
Though the conductivity of gases at ordinary pressures is fairly accurately known its temperature
cocfficient is as yet uncertain. No observations are available above 200° C., and even at lower temperatures
there is much discrepancy between different observers. For air, for instance, WINKELMANN gives 0°0019,
LrcnnorN 0-00199, SCHLEIERMACHER 0-0028, and EOKERLEIN 0:0036. Again, the effective temperature
of the gas is uncertain, but to make sure of not under-estimating the part played by conductivity we have
used the maximum value T,.

T Durong and Perir (¢ Annales de Chimie et de Physique,” 1st s., vol. 7, p. 337, 1817) found for the
loss due to convection and conduction per degree temperature interval

Npe § 17233,

At constant temperature the variation with pressures would be

whpm,

where a; = a constant, p = pressure, «; = 0'45 for air, 0-38 for hydrogen, and 0517 for CO,.

In the formula (ii.) above o8 of the order .5, and for small values of 9, the emissivity is approxi-

mately equal to o

where a3 = a constant, p = pressure, and « (see p. 236) is 056 for air, 0-35 for hydrogen and 0:82 for
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The results of WarBURG and voN BaBo* have shown that for gases near their
critical temperature, there is a great increase of viscosity as the critical pressure is
approached. ‘ .

MEevERr explains, and at the same time confirms this result, by a calculation based
on the assumption that the gas is a mixture of double and simple molecules.

The relatively large value of the exponents of p (see page 236)in the case of carbon
dioxide and nitrous oxide, may be accounted for by the above fact.

Tt has been shown that the conductivity of a gas is proportional to its viscosity.
Taking into account that even the so-called permanent gases diverge considerably
from BovrLE’s law at the higher pressures, it seems probable that the oonsteincy of
this conductivity is far from absolute.

A glance at figs. 2 to 6 will show that in every case a sharp fall occurs in the
curve of emissivity when 9 decreases below a certain limit; and from such measure-
ments as have been made at small temperature intervals there can be no doubt that
at pressures above 10 or 20 atmospheres the conductivity accounts for only a very
small proportion of the total heat dissipated, but none the less the conductivity may
have considerably increased in absolute value.

The present experiments do not, therefore, definitively settle the question. To
eliminate convection at the higher pressures, the temperature interval between the
radiator and the enclosure would have to be a small fraction of a degree. An
apparatus designed to measure up to 1000 degrees is not suitable for this kind of
work. It was therefore thought preferable to leave the subject for a future investi-
gation, rather than record values which would only be a rough approximation.

On the other hand, at ordinary pressures the constancy of the conductivity has
received ample experimental verification, and there is no difficulty in determining
the absolute amount of heat lost by each of the three factors: radiation, convection,
and conduction.

An Anolytical Study of the Total Heat Dissipated.

Our first object must be to determine what proportion of the total loss is due to
conduction alone.

In the present case we have two coaxial cylinders : the one forming the radiator,
the other the enclosure, and we must determine what is the thermal conductance of
the air filling the intervening space.

carbon dioxide. When it is taken into account that Durone and PrTITS formula was derived from
observations made at pressures below 1 atmosphere and under totally different experimental conditions,
even this approximate agreement is not devoid of interest.

* ¢Wied. Ann.,” vol. 17, p. 390, 1882.

T About 300" for hydrogen and 100° for all other gases.



240 MR. J. E. PETAVEL ON THE HEAT DISSIPATED BY A

Let us divide this space into a number of concentric cylinders, having a length /
equal to the distance between the potential terminals of the wire and a thickness Az,
The thermal resistance of each of these cylinders will be
_ oA
= XK
where » is the radius of the cylinder and K the conductivity of the gas under
consideration, In this case air.
The total thermal resistance will therefore be

1 J’ 1
T2IUK )
Integrating between the limits » = R = radius of the enclosure and » = » =
radius of the radiator, we have

. 1
Total resistance = SR (log, R — log. ),

K217 . . .
or the conductance = . =" = Total flow of heat per degree Centigrade of

10@; R — log, 7, )
temperature interval per second.
Now the emissivity is defined as the flow of heat per unit surface of radiator per
degree Centigrade per second, and the above expression divided by the superficial
area of the wire will thus be equal to the part of the emissivity due to conduction

alone.
K211 K

21Tl (log, R — log, r,) (log, R — log, 7)) » (iv.),

E. =

where E, is the part of the emissivity due to conduction alone. In the present case
r, = 00553, R = 103, thus:
_ K
CTT 01617

Inversely, if' the convection is zero and the radiation = R,
01617 (E—R) = K = conductivity.

By measuring the emissivity at low temperatures and pressures, we can reduce,
though not entirely suppress convection, and, by subtracting the heat lost by radia-
tion, obtain a comparison with the standard determinations of the conductivity of
gases. The value thus calculated will always be in excess of the true conductivity of
the gas by an amount proportional to the heat lost by convection.

In the following table E is the emissivity at 100° C., and 01 atmosphere ; R the
radiation calculated from J. T. BorromLeY’'s experiments,* and Ky, is the conduc-
tivity at 100° C. according to WINKELMANN :—

* ¢Roy. Soc. Proc.,” vol. 66, p. 276, 1900.
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Air, Oxygen. Hydrogen. Carbon dioxide.
E e 000050 0-00052 0-00285 000044
E-R . . . .. 0-00047 0-00049 000282 0-00041
01617 (E—R) . . . 0-000076 0-000079 0-000456 0000066
100 ¢ e e e e 0-000067 0000066 0000455 0000046
Heat lost by convec- . . . .
tion x 0-1617 } 0-000009 0+000013 0-000001 0000020

The fact thus brought out, that the convection is a maximum in carbon dioxide
and a minimum in hydrogen,* may cause some surprise, for the coefficient of vis-
cosity of the former is only half that of the latter. It must, however, be remembered
that the force causing convection is the buoyancy of the heated gas which is propor-
tional to its density. The heat conveyed by the stream of gas is proportional to
the volume of the gas in motion, its mean rise of temperature, its mean velocity,
its specific heat, and its density ; thus we have for a given temperaturef

. 2C
Convection = A 7~
Y

Where A = a constant, p = the density of the gas, C = the specific heat, y = the
viscosity.

According to the above formula, the relative convection in carbon dioxide, oxygen,
air, and hydrogen is represented by the numbers 20, 8°6, 85, and 12. If we take
into consideration that the experimental numbers 0:000020, 0000013, 0:000009, and
0:00001 are obtained from the difference of two nearly equal quantities, the agree-
ment may be considered satisfactory.

We are now in a pbsition to express in absolute units the heat lost respectively
by convection, conduction, and radiation.

* This fact is confirmed by the experiments of KUNDT and WARBURG (see  Pogg. Ann.,’” vol. 156, p. 179,
1875). They found that, in a certain apparatus, the heat dissipated was independent of pressure up to
30 millims, in the case of air, and up to 154 millims in the case of hydrogen.

¥ This relation between the heat lost by convection and the density, viscosity, and specific heat of a gas
only holds good when the speed of the convection currents is very low ; at higher temperature and
pressures the phenomenon is more complex.

VOL. OXCVIL—A. 21
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At one-tenth of an atmosphere and 100° C., we have for the various gases—

Pressure, 0°1 Atmosphere. Temperature interval, 9 = 100° C.*

Air. Oxygen. Hydrogen. Carbon dioxide.
Heat lost—
In C.G.S. |In per| In C.:.8. |Inper| In C.G.S. |Inper || In C.G.S. | In per
units. cent. units, cent. units. cent. units. cent.
By conduction . . .| 0-00041 | 82 0-00041 79 0-00281 | 98:6 || 000028 64
By convection . . .| 0°-00006 12 0-00008 15 0-00001 0-4 || 0-00013 30
By radiation . . .| 0-00003 6 0-00003 6 0-00003 1-0 | 0-00003 6
Total heat lost = 0-00050 | 100 0-00052 | 100 0:00285 (100 | 000044 | 100
emissivity

And if, for the present, we assume the conductivity constant the values at
100 atmospheres and 100° C. would be—

Pressure, 100 Atmospheres ; Temperature interval, $ = 100° C.*

- Air, Oxygen. Hydrogen.
Heat lost— ' N
In C:G.S. In per In C.G.S. In per In C.G.8. In per
units. cent. units. cent. units. cent.
By conduction . . .|| 0°00041 71 || 0°00041 67 | 0-00281 | 214
By convection . . . 0-00530 924 0-00566 92-8 0-01026 78-4
By radiation . . . 0-00003 05 0-00003 05 0-00003 0-2
Total heat lost = emis- 000574 100 0-00610 100 0-01310 100
sivity

The result is remarkable ; for instance, in the case of air, at one-tenth of an atmo-
sphere 12 per cent. of the total loss is due to convection, and at 100 atmospheres
92 per cent. is due to this same cause. The heat lost by convection is in air 100,
and in hydrogen 500 times greater at a pressure of 100 atmospheres than it is at
0°1 atmosphere.

For temperature-intervals of several hundred degrees it is impossible experimentally
to eliminate either of the three effects of convection, conduction, or radiation, but
the first of the three can be greatly diminished. To this end the apparatus was

filled with lightly packed glass-wool. The proportion of the total volume actually
occupied by the glass was 20 per cent.

* The loss of heat is expressed in therms per square centimetre of radiating surface, per second per
degree Centigrade of temperature interval,
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Emissivity in Air.

Gas onl Convection diminished by filling the enclosure
: e with lightly packed glass wool.
Temperabure Heat Heat Heat dissipated Heat
}9) in dissipated by ) dissipated by conduc- dissipated | Ratio
degrecs conduction |Emissivity. by tion of the glass| Kmissivity. by C
Cent% rade and convection and air and convection | G,
grade. |\ padiation. = C. by radiation. = C.
g (100 0-00045 0-00084 | 0-00039 0-00056 0-00071 0-00015 | 2-60
< ) 200 0-00054 0-00095 | 0-00041 000065 0-00082 | 0-00017 | 2-41
~ ) 300 000064 0-00106 | 0-00042 0-00075 0-00093 | 0-00018 | 2-33
< 1400 0-00075 0-00119 | 0-00044 0-00086 0-00105 | 0-00019 | 2-32
g (100 — 0-00474 | 0-00429 — 0-00176 | 0-00120 | 3-58
< J 200 — 0-00513 | 0-00459 — 0-00217 | 0-00152 | 3-02
= ) 300 —— 0-00553 | 0-00489 — 0-00235 | 0-00160 | 3-06
= (400 - 0-00593 | 0-00518 — 0-00247 | 0-00161 | 3-22
g 100 — 0-00761 0-00716 — 0-00462 | 0-00406 | 1-76
< ) 200 — 0-00808 0-00754 — 0-00544 0-00479 1-57
o ] 300 — 0-00856 | 0-00792 — 0-00580 | 0°00505 | 1-57
< 1400 — 0-00904 | 0-00829 — 0-00605 | 0-00519 | 1-60

As may be seen in the above table the result was to reduce convection to one-half
or one-third of its former value. The effect on the total heat lost is of course least
at low pressures, at which conduction plays the most important part; the decrease
1s about 14 per cent. at 1 atmosphere, and twice or three times as much at higher
pressures.

On the Influence of Experimental Conditions.

The remaining factors which influence the total amount of heat dissipated are the
dimensions of the enclosure and radiator and the temperature of the gas.*

Let us first consider the effect of a change in the diameter of the radiator.

We have found above (p. 240) that the heat lost by conduction is

KX 1
Qg R—Togryr =~ * = oo (v.),

B, =

where R is the radius of the enclosure, » the radius of the radiator, and K the
conductivity of the gas.
. . R. ey .. . K

It the ratio — is very great we may, within a limited range, consider — -~ -
P < log, R - log, =
as constant and put E, = ¢;»~L.

¥ Some experiments on this question were recorded in Part I., but the following additional considera-
tions may be found of interest.

212
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Simultaneously with conduction (z.e., the dissipation of heat by molecular motion)
we have convection, by which the heat is carried off by the general upward flow of
the gas.

With an infinitely small radiator each molecule comes in contact with the radiator
at the temperature of the enclosure. With a radiator ot large area a certain propor-
tion of the molecules which strike its upper surface have already become heated by
previous contact. The heat lost by convection decreases therefore as the diameter
of the radiator increases ; it is obvious, however, that it can never become zero, but
must tend towards a constant quantity.

Such experimental observations as are available point to the same conclusion, the
loss by convection being best represented by an expression of the form ¢, 4 cgr~L
The loss by radiation is independent of the size of the radiator and may be put equal
to a constant, ¢,, The variation of emissivity with the size of the radiator is there-
fore expressed by the following formula :—

Emissivity = ¢, + ¢, + (¢, + ¢5)r P =C 4 Cr™t . 0 L L (vi).

This 1s the same expression as was established empirically by Avrrox and Krneour.*
Within the range of their experiments (1 = 0:0157 to » = 0°178 millim.) both C
and C" were constants.

In an investigation on the effect of the size of the enclosure, formula (iii.) is not
suitable. It was established that the length of the cylinder was sufficiently great
in comparison with its diameter to render the end effects negligible. We therefore
cannot put R = oc. If; however, we take the simple case of a spherical enclosure
and radiator, and reason by analogy, we can easily obtain the information we
desire.

Proceeding as on page 240, the thermal resistance of the elementary spherical

shell is
1
4R X e

Integrating we get for the total resistance

U RS AN S
ATIK \r ~ R/~ 40K = "Re
The part of the emissivity due to conduction is therefore

_K_ R

H ———

T TR’

* AyrToN and Krncour (¢ Phil. Trans.,” A, vol. 183, p. 371, 1892) have shown that an expression of
this form holds good for the smallest diameters that can practically be used. It would, however, be unwise
to extend the formula much beyond the limit within which it has been experimentally proved. It is
evident that for » = 0 the expression is at fault, for the value of the emissivity cannot exceed K = NC
where N is the number of molecular impacts and C the molecular specific heat.
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It R/r i1s made very great E, is nearly constant with regard to R and is equal
to K/r, showing that if the enclosure is above a given size, the heat lost by
conduction is practically independent of its actual dimensions.

The theoretical treatment of the variations of the emissivity with the tempera-
tures of the gas offers some difficulties.

On the one hand the conductivity increases in proportion to the viscosity, on the
other the convection is a function of the density divided by the viscosity. Taking
the gas at the same density, both at the high and the low temperature, we may safely
predict that at low pressures, where the effect of conductivity predominates, a rise
in temperature will correspond to an increased value of the emissivity. At high
pressures, however, with the data at present available, a theoretical solution is not
possible.

The results of two sets of experiments made with carbon dioxide are given
below—

Emissivity in Carbon Dioxide in C.G.S. Units.

Pressure 199 atmospheres Pressure 455 atmospheres
Temperature* at 16° C. at 16° C.
3 in d!egrees
Centigrade. IEnclosure at Enclosure at Enclosure at Enclosure at
18° C. 100° C. 18° C. 100° C.
200 0-0032 0:0032 0-0058 0:0053
300 0-0036 0-0038 0-0063 0°0058
400 0-0040 0-0044 0-0068 ' 0:0063
500 00044 0-0048 0-0074 0:0068
600 0:0048 0-0053 0-0079 0:0075
700 0:0052 00057 0-0084 0-0081

We see that even at 20 atmospheres an increase of 34 per cent. in the absolute
temperature causes an increase of about 10 per cent. in the value of the emissivity. -

In the case of carbon dioxide, and probably of all easily condensible gases, when
the pressure is near that which would bring about a change of state, the emissivity
is diminished by a rise of temperature.

Finally the question of the average temperature of the gas in the enclosure in its
relation to that of the radiator offers some interest. It can be determined from
the variation of pressure, for the apparatus constitutes a rough form of constant
volume thermometer. On the other hand, when the heat lost by convection is
small, the average temperature can be calculated from the equations on page 240.

If we divide the gas into a series of concentric cylinders, the boundaries of these
cylinders will be isothermal surfaces, and the fall of temperature from the inner to

* 9 = temperature of the radiator — temperature of the enclosure in degrees Centigrade.
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the outer surface of each cylinder will be proportional to the thermal resistance.
By plotting the temperatures in terms of the volume of the successive cylinders,
integrating the curve and dividing by the total volume, we obtain the average
temperature of the gas. This works out as 15 per cent. of the temperature of the
radiator if we take the temperature of the enclosure as the zero of” our scale.

The same ratio experimentally determined is about 6 per cent. This relatively
low value is accounted for by the fact that each gaseous particle does not only part
with its heat to the succeeding one, but streaming upwards, comes sooner or later in
contact with the upper wall of the enclosure.

A Numerical Comparison of the Heat dissipated by Conductivity in Solids and
by Emissivity in Gases.

Let us now consider the numerical values of the total emissivity obtained at high
pressures. At 160 atmospheres, for instance, in air the emissivity is (see formula (ii.) )

E = 0006912 4 0°000004732 9.

Thus at 160 atmospheres air dissipates heal at the same rate as a body having a
conductivity
K = 00011 (1 -+ 0°00069 9),

therefore at about the same rate as glass (K = 0:001) or plaster of Paris
(K = 0-0013).
The conductivity of water is about the same——

K = 00012 (1 ~ a3),

but in this case the comparison is not a fair one, for placed in similar circumstances
convection would also come into play, causing the total loss of heat to be much
greater.

Hydrogen at 120 atmospheres behaves like a body having a conductivity

K = 000237 (1 — 0°00072 9).

Finally the emissivity in liquid carbon dioxide is about 0°2, which would corre-
spond to a conductivity of 003, therefore higher than mercury or bismuth. The
conductivity in liquid nitrous oxide is nearly the same. Near the critical tempera-
ture the emissivity in the liquids rises very rapidly ; it falls again instantaneously to
less than one-tenth of its former value when the gaseous state is reached.

A point of some interest which was observed during the course of the work was
the gradual change in the phenomenon of the decomposition of nitrous oxide. At
a pressure of 1 atmosphere the decomposition was very slow and more than half
an hour had elapsed before the change was anything like complete.
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At increasing pressures the decomposition became more rapid, and finally, in an
experiment in which the apparatus had, at the start, been partially filled with
liquid gas, it took the form of a sharp explosion. The temperature of decomposi-
tion is for all pressures about the same, and lies between 800 and 900 degrees
Centigrade.

Some measurements taken in liquid nitrous oxide and liquid carbon dioxide are

given in Table VII. (p. 251).
Conclusions.

The general result of the investigation is to show that the law which connects the
thermal emissivity with the temperature of the radiator and the pressure of the
gas is—

E = ap* + bpfs,

where E = Emissivity = Heat dissipated per second, per degree Centigrade tempera-
ture interval, per centimetre of area, expressed in gramme-degrees. «, «, b, 8, are
the constants given on page 236, p is the pressure in atmospheres, and 9 the
temperature interval.

The bearing on astro-physical problems is at once apparent, and the high effective
conductivity of compressed gases must be taken into account when treating questions
relative to the mean temperature of the sun, its rate of cooling, or more generally,
any problem dealing with the physical state of gaseous astral bodies.

Although extrapolations are always very uncertain, in the present case it seems
justifiable to conclude that under the very great pressures with which astronomical
physics has to deal, all gases or vapours would transmit heat at a higher rate than
the best conducting solids known.

From a practical point of view, the results obtained explain the very rapid cooling
of the products of an explosion, a fact which has not only been noticed during the
course of experiments on ballistics, but has long been well known to all engineers
engaged in the construction of gas engines.

The relatively small cooling surface required, in the case of gases under high
pressures, is a fact that had been previously noticed, and is already to some extent
taken account of in the design of the modern compressors. :

The laws of thermo-dynamics show that the efficiency of all heat engines is
dependent on their temperature range and pressure : in compliance with these laws
the pressures used are daily becoming greater. It is therefore hoped that the present
investigation may be of some use to those engaged in practical engineering.

Before closing, I desire to express my indebtedness to Dr. Lupwic Moxp, the
donor of the Davy-Faraday Laboratory, at which Institution the greater part of the
work was carried out. My sincere thanks are also due to Dr. Auexaxper Scorr for
the kind way in which he has facilitated the research by every means in his power.
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Tasre IL-—Emissivity in Air.
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0-113 atmosphere 0-969 atmosphere 7-08 atmospheres 2092 atmospheres
at 16° C. at 16° C. at 16” C. at 16° C.
Tempera- Tempera- Tempera- Tempera-
ture ¢ in | Emissivity | ture 3 in| Emissivity | ture 9 in | Emissivity | ture ¥ in| Emissivity
degrees in C.G.S. degrees in C.G.S. degrees in C.G.8. degrees in C.G.8.
Centi- units. Centi- units. Centi- units. Centi- units.
grade. grade. grade. grade.
118-5 0-0005545 82-1 0-0007505 982 0-001522 659 0-002205
2967 0-0007021 || 199-0 0-0009533 | 308-0 0-002084 2043 0002886
4668 0-0008680 || 355-4 0-001139 6565 0002801 422-8 0003529
7719 0-001325 635-8 0:001518 802-5 0003385 7352 0004468
9626 0-001784 8659 0-001957 9450 0+003605 8996 0-004975
| 9660 0-002213 10602 0-005673
| !
393 atmospheres 65°4 atmospheres || 1247 atmospheres 1684 atmospheres
at 16° C. at 16° C. at 16° C. at 16° C.
Tempera- Tempera- Tempera- Tempera-
ture & in | Emissivity || ture $ in | Emissivity || ture & in | Emissivity | ture $ in| Emissivity
degrees in C.G.S. degrees in C.G.S. degrees in C.G.8. degrees in C.G.S.
Centi- units. Centi- units. Centi- units, Centi- units.
grade. grade. grade. grade.
165-1 0-003724 1143 0-004792 881 0-005869 825 0-007198
3781 0-004544 2832 0-005433 1993 0-006785 150-0 0-007909
5715 0-005191 4635 0-006086 303-2 0-007453 2583 0-008573
7710 0-005856 6217 0-006635 5037 0-008386 418-8 0009496
9025 0:006363 8726 0-007670 689-1 0-009113 5671 0-01012
1006 -7 0-006809 1055+ 3 0-008485 926-9 0-01022 787-5 0-01116
915+b 0-01175
1031-1 0-01242
1

TapLe IIL-—Emissivity in Oxygen.

0+086 atmosphere at 16° C.

|
i 1-01 atmospheres at 16° C.

10-0 atmospheres at 16° C.

Temperature $

Emissivity in

Temperature I |

Emissivity in

Temperature 9 9

1 |

Emissivity in

in degrees A in degrees | . in degrees .
Centi ggl ade. C.G.S. units. Centigm de. | C.G.5. units. Centigrade. C.G.S. units.
1

865 0-000513 2227 i 0-001080 256 4 0-002349
288-1 0-000683 5717 I 0-001515 483-0 0-002946
3811 0-000793 9219 E 0-002231 7333 0-003557
585-0 0-001066 ; 9769 0-004280

7363 0-001352 |
922-6 0-001869




TaBLE I.—Emisst

I II. I11. IV. V. VI. VII. VIII. IX. X. XI. XII.
; (IEV}IGIEO) Tempera-Tempera- ’I;?E?ilf“
Electro- C ¢ Current reversed. | Mean Power {Resistance R — actual ture of | ture of 1
motive | ~H N electro- | Mean dissi- of . ‘10 U3 radiator | radiator | ¢S
force in n motive | current. | pated in | radiator rﬁSls—ance in in Centi- F ;ln
volts. | P! Flectro- C force. watts. | in ohms. | 0 ~ ® Iplatinum| grade ahven
. urrent sistance heit
motive in ab 0° C degrees. | degrees. deere
force in : grees.
volts. | AMOperes.
Before tlhe electriic current [was start!ed — — — —_— — — 595
0-3800 | 22-36 | 0-3816 | 22-39 | 0-3808 | 22-38 8:522 | 0-01701 | 0-00684 | 179-0 181-2 | 610
0-7615 | 3102 | 0-7693 | 31-20 | 0-7654 | 31-11 | 23-81 | 0-02460 | 0-01443 | 3776 395:0| 625
1-122 36-32 | 1-137 36-45 | 1+130 | 3639 | 41-11 | 0-03105 | 0-02088 | 5463 5895 | 64-5
1-523 40-85 | 1-530 41-10 | 1-527 40-98 | 62:57 | 0-03726 | 0-02709 | 708-7 7904 | 67-0
1-800 43-93 | 1-818 44-07 | 1-809 4400 | 79:60 | 0-04111 | 0-03094 | 8095 9231 | 69-0
2:035 46-40 | 2-055 46-52 | 2045 46-46 | 95-01 | 004402 | 003385 | 885-7 | 1028:4 | 71-0
Ten miniutes after| the electriic current| was stopjped - — — — — — 59-0

* For each column in the following tables a similar set of observations were taken and worked out in the manner sl

T The emissivity is numerically equal to the heat dissipated per sq. centim. of surface of the radiator per

A = Current in amperes.

V = electromotive force in volts.

S = surface of radiator.

4 = I, — t, = temperature of radiator — temperature of enclosure.

The diameter of the
The length between
The superficial area

The resistance of

Therefore the tem

The fundan

Where R; = resista:

In the formula (¢ — Pf) =

The temperature of the CLARK’S (



Emissivity in Air at 39'3 Atmospheres (16° C.).*

XIIL XIIIL XIV. XV. XVL XVIL | XVIIL. | XIX. XX. XXI. XXII | X2
Te;ngzra— P,V where
N v V) = original| V.
I;?l?é)zlfa Tempera- difference| Power Tempera- ! v Oﬁ;lngéna v oluzm R
enclosure| ture of (&= (- ~f,) dissipated Emissivivy t ture of [Tempera-| 7., of | Preseure Py = original|  cal- |p
. enclosure| where in watts in C.G.8 water | ture of ressure auge | pressure at | culated 2

F ;ln in Centi- |, = temp. | per degree, "~ . " | circula- | pressure P auze r%a, dign temperature | from cul

ahren- grade |ofradiator,] Centi- : tion at | gauge. gauge. & L 1 pre:

heit degrees. |f, = temp.| grade exit glvlen " c(lgr{nn
degrees. e ) ' ‘ column XX.

¢ of XVIIL

enclosure. .

595 15-3 — -— — 15-8 18-3 | 44-72 | 45-40 77-03 1-97 | 39

61-0 16-1 165:1 | 0-05162 | 0-003724 | 16-2 — 44-72 | 45-41 77-08 1-96 39

625 16-9 3781 0-06298 | 0-004544 | 16-4 — 44-84 | 45-85° 77-13 1-89 40

64-5 18-0 571-5 | 0-07195 | 0-005191 | 16-8 — ”» 45-95 77-19 1-87 | 41

67-0 19-4 771-0 | 0-08116 | 0-005856 | 172 - " 46-10 7724 1-83 | 42

69-0 20-6 902-5 | 008819 | 0-006363 | 17-9 — 44-83 | 46-18 77-29 1-82 42

710 21-7 | 1006-7 | 0-09438 | 0006809 | 182 — ” 4628 77-34 1-80 | 42

59-0 15-0 — e — 15-7 19-7 » 453 77-40 1-99 | 38

nanner shown above, but to save space and avoid confusion the final results are alone recorded.
iator per second per degree Centigrade temperature interval, the heat being expressed in -water-gramme-degrees (t!

Observations.

er of the bright platinum radiating wire was 1106 millims.

between potential contacts . . . . 9-498 centims.
cialarea. . . . . . . . . . . 8°300sq.centims.
tance of the radiator was at 100° C. = 0:013987
at 0°C. = 0-010165
. the temperature coefficient R‘IiBTR'O ~ 0-00003822
, B,
& = 1'3759
Ro
e fundamental coefficient = B~ Ry _ 0-003760
100R,

= resistance at 100° C.; R, = resistance at 0° C.

t \2 FA .
- Pt) =3 [(1—@/\) - 1—@:] the coefficient & was 8 = 1-495.

JLARK’S cell was 17-3; it was balanced at 1:4317 on the potentiometer,



PEeTAVEL, Table 1.

(I | XXTIIIL | XXIV. | XXV, | XXVL

Pressure
"2 P, Py
ime P corrected| corrected Tempera-
- p ? .| for the | for the | ture of
wwed |° 2 tca(hi- weight |departure| standard
m | cwate of of air | resist-
mn | PPOSSUe morcury | - from ance.
X. column. | BOYLE’S

law.

97 | 39-10 | 39-85 | 39-26 17-3
96 | 39-33 | 40-08 | 39-48 —
89 | 40-81 | 41-56 | 40-92 —
87 41-28 | 42-03 | 41-38 19-0
83 42:20 | 42-95 | 42-27 —
82 42-47 | 43-23 | 4255 201
80 42-97 | 43-73 | 43:04 —
99 38-90 | 39-64 | 39-06 18-3
sgrees (therms) or E = v x A, where

JS$
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Tapre I1L—Emissivity in Oxygen (continued).
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I

’ 37-8 atmospheres at 16° C.

71:6 atmospheres at 16° C.

1159 atmospheres at 16° C.

Temperature § | @ -oooinin Temperature 3 | . oo s Temperature 4 Emissivits it
in degrees o y._( in degrees o y in degrees TISSIVATy 1
Centi %gm do. C.G.S. units. | Cen tig{?mde. C.G.S. units. Centi ggmd& C.G.S. units,

182°5 0-003777 132-1 0-004877 962 0-006370
3959 0-004660 244-9 0-005631 194-6 0-007100
5638 0-005315 429-2 0-006512 3377 0-008124
845-1 0-006329 639-3 0-007403 4620 0-008687
1075-8 0-007450 8204 0-008218 6380 0-009452
10914 0-009561 8670 0-01056
s 1064 -2 0-01176

TasLe IV.—Emissivity in Hydrogen.

0+117 atmosphere at 16° C.

0-971 atmosphere at 16° C.

69 atmospheres at 16 C.

Temperature J
in degrees

Emissivity in
C.G.S. units.

Temperature 4
in degrees

Emissivity in

C.G.S. units.

Temperature $
in degrees

Lmissivity in
C.G.S. units.

Centigrade. Centigrade. Centigrade.
189-8 0003062 168-8 0-003476 141-8 0-004899
5238 0:004158 5089 0-004920 2298 0006100
6811 0005098 6925 0-005818 6447 0008038
6901 0-005032 9299 0-006675 8312 0-008738
775 0-005372 ‘ 9894 0-007288 9522 0-009417
9037 0-005854 619-8 0-005150 450-2 0-007425
| 3673 0-004180 2333 0006030
2687 0-003762
162-2 0003365
i ! -
| o
233 atmospheres at 16> C. | 669 atmospheres at 16° C. 114-0 atmospheres at 16” C.
Tep;pgml;}u‘e J Emissivity in ! lelilrllpgmb.urc J Emissivity in [ Feirﬁp(frixzs J Emissivity in
(13 ogrees C.G.S. units. ogrees C.G.S. units. ! ogroc: .S, units.
entigrade. Centigrade. Centigrade. :

825 0-007380 1361 0-01203 161-1 0-01533
1439 0008369 2578 0-01396 4047 0-01920
3556 0-01032 402-1 0-01554 6204 0-02135
594-1 0-01194 5216 0-01670 7911 0-02268
7400 001278 6698 0-01816 9509 002454
941-4 0-01405 2758 0-01742

79-8 0-007338 165-8 0-015568
2879 0-009841 89-8 0-01350

. 5081 0-01149
VOL. CXCVIL—-A. 2 K
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MR. J. IY. PETAVEL ON THE

TapLe V.—Emissivity in Carbon Dioxide.

HEAT DISSIPATED BY A

007 atmosphere at l 0-99 atmosphere ab 44 atmospheres at 102 atmospheres at
16° C. 16° C. 16° C. 16° C.
Tempera- Tempera- Tempera- Tempera-
ture 3 Emissivity ture Emissivity ture 9 | Emissivity ture ¢ LEmissivity
indegrees| in C.G.S. |indegrees| in C.G.S. |indegrees| in C.S.G. |lindegrees| in C.G.S.
Centi- units. Centi- units. Centi- units. Centi- units.
grade. | grade. grade. grade.
167-6 0-0004537 | 187-9 0-0008695 | 387-3 0+002037 797 0-001619
340-0 0-0006094 | 403-7 0-001176 7323 0002911 173-5 0 001997
6625 0-001018 | 804-5 0-001893 9795 0003666 441-3 0-002853
8475 0-001410 | 10630 0002509 156-0 0-001335 6842 0-003h88
| 9193 0-004310
9921 0-001780 | 2470 0-0009439
6022 0-001527
835-9 0-002005

18-1 atmospheres at 348 atmospheres at | 540 atmospheres at
16° €. 16° C. ! 21°-1 C.
Tempera- Tempera- | Tempera-
ture & Emissivity ture Emissivity | ture 3 Tmissivity
in degrees| in C.G.S. |indegrees| in C.G.8. indegrees| in C.G.S.
Centi- units. Centi- units, | Centi- units.
grade. grade. | grade.
|
i
|
197-4 0-003102 88-1 0-004127 || 68-7 0-007002
341-0 0-003752 265-8 0-005157 || 167-4 0-007215
5542 0-004576 4805 0006132 3374 0007618
7645 0005306 671-2 0-007038 595-8 0-008414
964 -7 0-006130 9501 0-008066 || 901-4 0-009339
835-2 | 0-007670 f
[




PLATINUM SURFACE AT HIGH TEMPERATURES.

Tasre VI-—Emissivity in Nitrous Oxide.

251

0+93 atmosphere at 5°66 atmospheres at 14-48 atmospheres at 390 atmospheres at
16° C. 16° C. 16° C. 16° C.
Tempera- Tempera- Tempera- Tempera-
ture $in | Emissivity | ture 4 in | Emissivity || ture 4 in| Emissivity || ture $in | Emissivity
degrees in C.G.S. degrees | in C.G.S. degrees in C.G.S. degrees in C.G.S.
Centi- units. Centi- units. Centi- units. Centi- unite.
grade. grade. grade. grade.

60-8 0-000647 90-6 0-001292 785 0-001962 1248 0-004687
192-8 0-000898 289-7 0-001922 2630 0-002835 2079 0-005161
3414 0-001126 642-0 0-002842 418-4 0-003378 3376 0-005782
5856 0-001546 || 11389 0-004296 605-1 0-004006 5764 0-006839
799-2 0-002003 844-5 0-004967 7322 0-007383

10665 0-002773 1093-3 0005653 8073 0-007796
1080-8 0-008325
115-3 0-004712
264-2 0-005498
485-9 0-006505
TasLe VIL

Lmissivity in liguid carbon dioxide.

i Lmissivity in liquid nitrous oxide.

Temperature % Lmissivity in . Temperature $ LEmissivity in
in degrees Centigrade. C.G.S. units. .in degrees Centigrade. C.G:.S. units.
59 0-27% ; T4 0-11%
70 0-27% é 97 0-12%
ras. E
176-7 0-016 j 105 0-15%
84-8 0-018 ; 11-1 0-20%
98-8 0-017 11-4 0-26*
308-1 0-016 gas.
463-9 0-016 3085 0-015

* These measurements are only given as preliminary and altogether approximate values ; as already
stated, the apparatus is not suitable for measurements depending on small temperature intervals.

2 K 2




262 MR. J. ¥. PETAVEL ON THE HEAT DISSIPATED BY A
Tasrr VIIL—Emissivity in Air.
E X 10° = 403" ++ 163 p” 9.
| |
S = lemp. I |
T ral i % s
of xadiator | .q 1-0% 10 20 30 | 40 50 60
cnclosure atmo- atmo- atmo- atm»- atmo- atmo- atmo- atmo-
in degrees sphere. sphere. spheres. spheres. spheres. spheres. spheres. spheres.
Centigrade.
100 0 -000350 00008 0°001728 0 0602463 0°003010 0003534 0003974 0004376
260 000060 0000935 0°001992 0002769 0-003373 0003888 0004345 0004761
300 0 00070 006106 0 002256 0 003074 0003706 0 004241 0004715 0 -005146
400 000078 000119 0-002520 0003380 0-004039 0004595 0 +005086 0005531
500 0000856 000132 0002785 0003686 0004372 0004949 0005457 0-005916
600 000098 000148 0003049 0-003992 0004705 0°005202 0005827 0006302
700 000114 000165 0-003314 0004298 0005038 0005656 0006198 0006687
800 000135 000182 0008578 0004603 0005371 0-006010 0" 006569 0007072
900 000157 G -00205 0003842 0001909 0 005704 0006363 0006939 0007457
1€00 000180 000232 0004107 0°005215 0006037 0-006717 0+007310 0007842
1100 — — 0004371 0005511 0-006870 0007071 0007681 0008227
1200 — — 0001636 0005827 0006702 0007424 | 0°-008051 0008612
|
! | |
§ Temp. of | Heat lost by
$ = temp. racdiator ‘\couvection:]!}c‘ Radiabion |y o o
of 1'nchajtor 80 100 120 140 160 in degrees [ ealc%l.atc‘)d, ! according heab due
above the at i ) . Centigrade | taking I tio
atmo- atmo- atmo- atmo- atmo- e “n1 TN to con-
enclosure | 4L apheres snheres apheros spheres, | Above the | Ky=00000561, J.T. Bor-| 4 -\ c° "
in degrees spheres. 4 f1 Heop SPhOTes. | SPReres. SPREFEs- 1 tempera. | a = 00019, | TOMLEY'S ' (i"lt'l
Centigrade. ture of the and resuls, | TROHON-
enclosure. K, = 6184 x K.
100 0005028 | 0-005741 | 0-006329 | 0006874 | 0007385 100 0-000413 0000034 | 0000447
200 0°005507 | 0-006170 | 0:006775 | 0007334 | 0007859 200 0000479 0000059 | 0-000538
300 0005916 | 0-006599 | 0007220 | 0°007795 | 0 008332 300 0000545 0000094 | 0 000639
400 0 006325 | 0-007028 | 0007666 | 0-008255 | 0008805 400 0000611 0000184 | 0000745
£00 0006734 | 0 007456 | 0-008111 | 0°008715 | 0009278 500 0 -000677 0000176 | 0000853
GO0 0007143 | 0+007885 | 0°008556 | 0009175 | 0009751 600 0-000742 0+000218 | 0000960
700 0007552 | 0°003314 | 0009002 | 0°009635 | 0010225 700 0 -000808 0000259 | 0-001067
800 0-007961 | 0-008743 | 0°009447 | 0°-010095 | 0010698 800
900 0 008371 | 0-009171 | 0-009893 | 0°010555 | 0011170 900
1000 0-008780 | 0°009600 & 0-010338 | 0°011016 | 0011643 1000
1100 0-009189 | 0°0100.9 | 0010784 | 0011475 | 0012117 1100
1200 0009598 | 0010457 | 0011229 | 0-011936 | 0012590 { 1200

# Tn this and the four following tables the figures in italics, referring to pressures outside the range of
the formulz, are obtained from a direct interpolation of the observed values. In every case the emissivity
is expressed in water-gramme-degrees per square centimetre of radiating surface per second.
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Tapre XI-—Emissivity in Carbon Dioxide.

Hox 10° = 207 p°% 4 15 p°®9.

Temperature I . .
in degrees 0-1 10
Cen tigm do. atmosphere. atmosphere.
100 000044 0-0007),
300 000060 000103
500 000079 00013},
700 000110 000172
900 000155 0 00210
1100 000210 000260

HEAT DISSIPATED BY A PLATINUM SURKFACE AT HIGH TEMPERATURES.

10 30 50
atmospheres. | atmospheres. atmospheres.
0-001688 0-003828 000675
0-002330 0-004749 0-007385
0-002971 0-005671 0-00792
0-003613 0-006593 0-00852
0-004254 0-007515 0:00912
0-004895 0-008436 0-00975

Tasre XIL—Emissivity in Nitrous Oxide.

B X 10° = 276 p°™ 4 17 p"*9.

Temperature ¥

in degrees 10 1o 1 50 .

Centigrade. atmosphere. almospheres. atmospheres.
100 000070 0-001841 0003860
300 0-00105 0-002488 0-004741
500 000140 0-003136 0-005623
700 0-00172 0-003784 0006504
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