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SYMBOLS USED (unless otherwise snecified)

Absolute Temperature (©R)

- Temperature (OF)

Absolute Pressure (p.s.i.)

Absolute Viscositv (centipoises)

Relative Humidity (per cent)

Gravimetric Mass Rate of Flow (pounds per sec,)
Coefficient of Discharge (dimensionless)

Specific Heat 2t Constant Prescure (B.T.U./1b,.-°F)
trea (square fest)

Diameter (feet)

Clesrence between Therroccuple end Tube (feet)
Length of Test Section (feet)

Thickness of Gas Leyer (feet)

Density (pounds per cubic foot)

Veloecity (feet per second)

Reynolds' Number (dimensionless)

Gas Constant (foot 1b. psr 1lb, per degree Rankine)
logarithmic Mean Tempersture Differznce (©OF)

Keat Transferred (B.T.U./hr.)

Transmissivity Coefficient (B.T.U.-ft./hr.-sa. ft.-OF)

Therrsl Conductivity Coefficient (B.T.U.=-ft,/hr.-sq.ft.-OF)

Nurmber Sign or pounds



SUBSCRIPTS USKD (unless otherwise specified)

av - Average
c - Center
g - Gas

i - Pipe

¢ - Orifice
8 - GSteam

1 - Entering Section of Orifice
or First Thermoccuprle Stetion

2 - Leaving Section of QOrifice
or Secand Thermocouple Stetion

(S

- Third Thermocourle Station



I. ANALYSIS AND BACKGRCUND CF THE PROBLEM

The determination of the Coefficient of Thermel
Conductivity of any materiel; whether it be solid, liquid,
or gaseous; is a problem dealing with heat transmission.
Moreover, any problem inveolving heet transfer must take
cognizance of the many aspects involved in the several
methods of heet transmission.

From the literature of thermodynamics it is found
that this heat transmission mey be accomplished in two or
three different ways. If heet trensmission is considered
as merely the transfer of energy due to & tempersture dif-
ferential, there sre but two distinct methods of heat trans-
mission - they being known &s conduction end radiestion.
If, on the other hand, heat trensmission 1s considered as
including heat that has been stored in a substance, re-
meins so stored, and is thus cepable of being transferred
from one locetion to enother by the physical flow of the
substance from the one locetion to the other; then allow-
eance must be made for this method of heat trensfer, known
.as Conwvecticn, as well as the first two - Conduction and
Radiation - and each of the three must be considered as

a means of heat transfer. As the problem under considere-

tion involves steady flow of the medium throueh the equip-

ment, the investigator is forced to consider all three



means as vehicles for heat transmission.

Since the transmission of heat may occur by any
one or all of the three methods mentioned, one of the
main problems of this investlgeation is the isolation of
the heat transferred by conduction from that transmitted
through the other two medtums. This isolation will be
accomplished by a process involving steady flow of the
fluid medium, thils being a more popular method of attack
than the non-flow type of process which involves the
delicate probtlem of meintaining equilibrium conditions
without any movement of the medium.

Previous work on this and allied problems has been
carried out with processes involving steady flow also.
However, the work of the other investigators was based
upon principles quite different from those governing this
inveatigation.

The work of Mason and Doe(l) and that of Palmer
and Weaver(2) are both based upon the same principle.
That being: the equllibrium temperature of a wire of
known resistance, carrying a known current, and surrounded

by & known gas under known conditions, flowing through

(1)g. M. Mason and R. M. Doe - "Determination of
Thermal Conductivities of Gases." J. Chem. Edueation,
14: 182 (1237)

(Z)E. R. Weaver and P. E. Palmer - "Application of
Thermal Conductivity Method to the Automatic Analysis of
Complex Mixtures or Gases". Ind. & Eng. Chem. J. 1l2:
359-66 (1920); ibid 12: 894-9 (1920).



a cell of known dimensicns, will be a function of the
conductivity of the gas flowing., Conversely, the conduc-
tivity of the gas under consideration will be a direct
funetion of the tempersture of the wire.

With these investigations, the heat transfer is
from the wire in the center of the cell to the surround-
ing gas inside the cell and to the atmosphere surrounding
the cell itself, On the other hand, in the case of the
study being made here, the heat is transferred from a
jacket surrounding the test section to the medium inside
the test section. The heat flow measured is only that
flowing from the gas near the inside surfaece of the test
section to the ges moving along the center line of the
test section. A8 only this heat is of interest to the
investigator, no other preliminary deductions must be

mede from the measured heat trensfer.



II. METHOD OF ATTACK

A. General:

As has been stated previously, the main problem
In the performance of this investigation is the isolation
of the conducted heat from the heat transferred by
radiation and convection. This investigation, being based
upon a steady flow process, proposes to minimize the con=-
vected heat transfer by means of forced convecticn,
in varylng rates, of such a magnitude so as to preclude
the existence of natural convection currents.

This 1line of reasoning is based upon the assump-
tion that the rate of heat transmlssion and the coef-
ficlent of heat transmission (Transmissivity Coefficient
as it will hencefortn be called) will increase with in-

creased flow at constant temperature.

Mg. 1 - h ve UP



The veriation in trensmissivity coefficient with
a varistion in rate of flow (U) will be assumed to occur
in a menner similar to the curve as shown in figure 1,
where the curve will be the form h = h, (N? ten o
in which hy will be the intercept of the curve or the

value of the transmissivity coefficient (h) at zero ve-

locity.

Log h

Log U
Fig. 2 - log (h) vs log (V)

The value of the exponent (n) may be determined
easily es n will be the slope of the curve resulting
from the plot of log (h) vs log (U) similar to the curve
shown in figure 2.

The fact that this work was done in a section

of polished aluminum tubing with an approximate emissivity
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of 0.040(3) will reduce the radiant heat transfer to an
estims ted minimum and st the same time will give a basis
for predicting, quantitatively, the extent of the radiant
heat transmission. Thus, with the convected heat trans-
fer e.iminaeted, the rediant heat transfer minimized and
calculable, it would seem evident that the remaining
portion of the total heat transferred would be that trans-

ferred by virtue of conduction.

B. Velocity Verietion:

The variation of the velocity necessary for the
elimination of the heat transfer by convection presents
no difficult problem. It merely necessitates the variation
of rate of gas flow from a maximum flow which 1s small
enough to assure viscous flow, down to the minimum flow
determined by the accurate renge of the flow meter.

For these tests the flow ranges from epproximately
34 pounds of gas per hour (based upon a Reynold's Number
2000) down to a rate of 0.625 pounds of gas per hour,
the minimum flow which can be measured accurately by the

orifice type meter which was used.

(5)W. H. McAdams, "Heat Transmission" (McGraw-
Hill Book Compeny, 1933} page 45.



C.  Tenperature Variation:

In the design of the apparatus, provision has
been made for the variation of the average tenperature
of the gas entering the test section as well as the
tenperature of the heat source. This has been done in
order to keep a uniform tenperature difference between
the source of heat and the gas regardless of the ini-
tial gas tenperature. The value of this arrangemnent
is that it allows the observance of the variation of
the conductivity coefficient over a slight tenperature

r ange.

D. Calcul ations:

In order to convert the values of the data ob-
served and recorded in the laboratory to results which
woul d have nore significance, a nunber of relationships
were used and a definite procedure was foll owed to
el i mnate conf usi on,

After the thernocouple data fromthe data sheet
had been correl ated, averaged, and converted to tenpera-
ture by Table |, the tenperature drop fromthe inside
surface of the tube to its center |ine was obtained at

each station and averaged for the three stations,



