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SRPERIZNTAL INVESTIGATION OF THE PHYSICAL PROPZRTIES OF
LIEDIUN AND EEAVY OILS, THEIR VAPCRIZATION AYD
USE IN EX?LOSION ENGINES.*

7 Fritz Heinlein.

PART III.
Experimental Apparatus.

Fig. 17 is a diagrammatic representation of tThe experimen-
tal apparatus, in which a is the calorim ieter already used in
the calorimetric measurements. It has a double bottom for heat-
.ing and was used in these experiments és a vaporization vessel.
It was macde air-tig H+ by means of the cover provided with two
tubes (b and c¢) with packing boxes. The cover was sc¢ rewed on
tightly with the interposition of "Kingerit" packing. Another
packing vox @& in the cover enabled the introduction of a small
glass tube, which was drawn out to a capillary and had a glass
stop-cocx. This tube served to regulate the vaporization and
the negative pressure in the vessel by the admission of outside
air. The packing box b tightens the glass tube e with the

g

two branches f and g for conducting the vapors to the manon-

eter. The tube e was so modified that it could be made tight

* From "Der ot orwaﬁep " June 30, 1926, pp. 395-402. For Parts
I and II, sce E.A.C. .A. Teclhnical Memorandums Hos. 362 and 3
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with & copper platc, whicl rondercd possible the air-tight intro-
duction of the two themmo-clcctric wircs of a glass float. The
boiling point of the oil (by which is meant thc temperature of
the liquid at which, at the prevailing pressure, it changes to
vapor at thé same tonperdture) was méasurcd oy means of a thermo-
eieotrib coupio, whoke wires were attached to a glass bulb float-
ing on the oil. ﬁuc fo the spirals in the wires, the glass float
could follow the curface of the liquid as it sank from the evap-
oration curing the experiment. Thus, at every position of the
surface of the liquid during the whole process of vaporization,
the temperature of the upper layers of the liquid was taken,

this tempercture being identical with thot of the vapor.

The vaporization vessel was heated by an clectric current

RS

suppiicd by a battery, which current could be regulated

rheostat and could be mcasured directly at both binding posts
of thc heating wires by inserted armeters and ﬁrecision volt-
meters,

The assembled vaporization vessel was set into a Dewar ves-
sel ond the intervening space filled with glass wool, &s in the
specific heat determination, in-order to prevent the loss of
heat as much as possible. The Dewar vessel itself was then set
in a sheet-iron jacket containing rape oil as the heating liquid
and heated externally by means‘of clectricity. The cover of the

vaporization vessel was also covered externally with a layer of

glass wool.
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The whole apparatus thus assctmbled, was then placed on a
balance, which had a scnsitivity.of 0.5 g (0.0178 o0z.) when fully
loadecd. The rubber connections of the glass tube b of the vap-
orization vessel somewhat impaired the sceneitivity of the bal-
ance wiich, when unloaded, gave easily readable deflections on
the acddition of 0.1 g (0.0035 o0z.) to one of the pans. vOnly by
passing the rubber tubes through a stationary helter, could the
connections be so made as to prevent their interfering ap@recia—

s

.bly with the motion of the balance. The sensitivity of the bal-
ance was tlus sufficiently preserved. :

The rubber tube f led from the vaporization vessel to a
Woolff's bottle h which was about onthhird full of oil at the
temperature of the room. Another rubber tube lcd td a wter-jet
air pump, used for drawing off the vapors, which were collected
in the bottle as a condensatc. The strength of the suction was

'
indicated by the air bubbles rising in the condensing bottle
and could be regulated by the cock in the water pipe leading
the jet-pump and by the cock in the capillary tube d.

The rubber comection g 1led to a mercury baromcter, which
was filled with purified mercury and which indicated the negative
pressurc. The U-shaped manometer tubc was fastened by pipe clips
to a ve:tical board. A millimeter scale was placed behind the
manometer tube, thus enabling the direct rcading of the negative
pressure.

Before the beginning of cach experiment, the vaporization
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veéssel was apout three-fourths filled with the oil t0 be tested
and this o0il was heatcd to its lowest boiling poinf. Then the
heating currcat was switched on and thé air pump started. The
very first resulting evaporation of the very volatile constitu-

ents was too irrcgular and had to be disr cgarded in deteraining
the heat of vaporization. Aftcr about thirty seconds, howevcer,
the cvaporation proceedéd snoothly and the temperatures of the
liquid cnd of the base-plate tccame constant.  After this condi-
tion had been attained, caough ”“lghts were removed from the
scale pan to tring the balance pointer near zero. Then, just as
the pbintor vas passing through the zero point, 2 stop watch

was started ond a 20 g (0.7 oz.) weight was removed from the

.
iy

scale pan ter this weight of cil had cvaporated, the pointer:

returned to Zo*o and tne Ulﬂe interval was rcad on the stop
watch.

The teomperatures of the ligquid ond of the base-plite were
measurcd with the thermo-clectric elements and were kept constant
throughout the vaporization test, slight variations being clinmi-~
nnted by regulating the cir pump. After scveral successive vop—
orization ¢xperiments, the boiling point rose €0 much, duc to
the evaporation of *he lighter hydrocarbons, that the tempcrature
of the 1iquid could no longer be kept constant by regulating the
negafivo nressure. & transition -then had tc be rade to 2 higher

vaporization temperaturc.
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The clectrical cnergy oonsﬁﬁcd_during thc}evaporation s
neasured ond the amount of oil evevorated was found by weighing.
The ratio of these two quantities gave the vaporization heat in
electric units. For conversion into heat encrgy, the following
relation was used: |

1 vatt-second = 0.2389 lesser calories, so that the Vapor-

ization hecat is computed to

r = 0.2589 X e X i X z
G

vaporizdtion time in seconds and G = the weight in grams of the

lesser calories, in which 2z = the

evaporated oil.

In order that the heat exchange with the surrounding nedia
shoulcd not have to be introduced into the calculation as a cdis-
turbing correction factor, there were deterﬁined, for a series
of temperatures of the liquid in the vaporization'veséel, the
sarme temperatures of the outer heating liquid, which enabled the
keeping of the liquid in the vaporization vessel at a‘odnstant
tempera ture. Thus it ﬁas brought about that the heat lost by
the vaporization vesse1 through radiation and conduction was off-
setlby heat received from the external heating liquid.

The current strength was measured by an ammeter directlyA
connected with the ends of the heating wires, while the electric
ténsion_was measured by & precision voltmeter'oflvery high re-

sistance introcduced into a shunt.

As soon as a uniform rate of evaporation was obtained by
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regulating the exhaust, and the temperature diffcrence betveen
the botto: heating plate and the fuel liquid became constant,
the exveriment was begun. Toward the close of the cvaporation,

waen nearly all the fuel 1iquid'had been evaporated, the teuper-
ature ¢ifferences between the botton plate and the liquid could
no longer e kept constant. The heat stored up in the botton
‘plate would then have affected the vanorization heat without
being neasurcble and would have given too low valuds for the heat
of vaporization. Hence nc correct values could ve given for
the latter a+t the close of the evaporation.

The voporizatlion heats obtained in the'experiments are given

in Table XV, the lrst column containing the mean values used in

subsequent conputations.

“Taced from \
%ZE{ oa:ac'\(\eab\e ffpy' > |
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Table XV.

Vaporization Heats.

Temperature

Degrees C. ‘ -
v 90 97 1118 |123 | 139 1166 | 170| 174 85

!
l

Gas oil - |- |- |- |- 1- |e2s
| - |- 1- |- 1-1- |ess
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Paraffine oil - - - - -
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Coal-tar oil I | 80.64| - |g0O.
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Coal-tar oil II - - 74.
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Benzol - - - '; - - - _ 98.4
- - - - - - - - 9108
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. . f - - - - - - - 92-8 3
Gasoline 4.0 | -~ ~ - - - - - -
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Vaporization Speed and Diffusion Coefficient.

Along with the hitherto tested properties which affect the
vaporization of thq fuelis, tﬁe vaporization speed is of decisive
importance, because of the extremely short vapcrization time
available in encine functioning. . The vaporization sreed firsf
raises the question of how well the carburetor perforﬁs its task
of producing an ignitidle fuel mixture for a given temperature
of the outsice air.v

The vaporization of a liquid is essentially a process of.
diffusion of thke vapor through the gas in which the vaporization
takes place. Therety we assume that, at any given temperature,
there is continually formed, on the surface of the liguid,
enouéh vapor to.keep the 1liquid in equilibrium with the vapor,
and that there is a saturation pressure on the surface of the
liduid corresponding to the temperature. This saturated layer
above the ligquid is surrounded by atwospheric air with which %he
vapor must be diffused. Thereby, in the steady condition of the
vaporization, there is a vapor-pressure fall normal to phe sur;
facé; on which the vaporization speed depends. Fundamental re-
searches were carrisd out by J. Stefan on the vaporization of
liquids with the establishment of the factors which determine
the vaporizatiorn spesd. These experiments had to do with the
vaporization of liquids in narrow tubes, The vaporization speed
#as defined by Stefan as.the quantity of vapor formed per unit

of time and cross section st a given temperature,
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b = borometer stand in mm Hz.
p = partial pressure of vapor in mixture of vavor and air

-

at any point in the diffusion chawmber, in mx Hz.

~

h = ¢iffusion distance in cm from open end of +ube comput cd

a o

as distance betveen level of liguid and end of iube.

k = citfusion coefficient which shows how many cmd ve yolok
per seconé passes through one cm?® of cross scction perpendicular
to the ¢ 1rc~*lop of diffusion, when the decrease in vapor pPres—

sure in this direction is 1 mm Hg per cm. The laws discoverecd by

Stefan can tacn be written in the form ' , ‘
c®/sec., i.e.:

1. Thec veporization speed devends on a constant k, which

itself gevends on the nature of the gases to be diffused;

2. It is inversely proportional to the diffusion distonce h;

3. It is proportional to the expression 1n 5—9—— .
- D
. AT

The Stefen laws have beon confirmoed by & very large nunbcr of
resexrches of otaer investigntors, so that the CGuCTQlPuthﬁ of

.‘

e vaporization spcced of liguids can be undertaken in a.ccordonce

ct
jy

7ith them: A few preliminary remarks nust be made, howrever, as

regards the evaluation of the results expected from this method.
The determination of tne vaporization speed by the method of

vaporization in unarrow tubes apvplies to a quiet lcvel surfacce.

. fro
Repro d“ \db\e copY:
bes
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It can not »e unoonditionall& assurmed that the absolute value of
the vaporization Specd is equal %o thebvaporization speed of
curved surfoccs as exhibited by a liquid in the form of drops.
In this casc the vaporization speed is higher. Likewise‘the
vaporization epeed is ihoreased by @ current of air aoroés the
surface of the liquid.

7ith the aid of the theory of heat conduction, whose funda-
mental equation is analogous’to Stefan's formula, experiments
have been undertaken by various investigators, in order to find
the laws, according to which the vaporization speed of a liquid
changes for different surface shapes and under cifferent conci-
tions of mOtion of the air in contact with these surfaces. The
results of these researches conform to very definite experimental
arrangenents and confirm, in the observation of the special cases,

the above-mentioned increase in the vaporization speed of chem-

ically homogeneous liquids.

5

The differences which occur in these special cases (in con-

-
e

trast with the fundamental determinations of Stefan, Winkelmann
and others) aré less important, however, for the determination
of the vaporization speed of fuels, because the mature of the
fuels, on account of their varying composition, prevents any ab-
solute evaluation of their vaporization specds. Hence we can
only hope fto obtain in these experiments, comparative values for
the vaporization speeds of the individual fuels under very simi-

lar experinental conditions.
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I therefore decided to undertake the determination of the
vaporization heat of fuels in connection with the methods insti-

tuted by Stefan and improved by Winkelmann, Tuppermann and others.
1

Experimental Arrangement

The system of vaporization tubes, as showa in Fig. 19, was
set into a thermostat for heating to the desired vaporization
temperature. The thermostat was filled with rape-seed oil whaich
was heated internally by eleCtriQity and provided with an elec-
tric stirrer.

A copper tube I, which was about 30 cm (11.8 in.) long and
about 3 cn (1.18 in.) in diameter and was closed at the botiom,
was surrounded by a spiral copper tube about 2.8 m (9.2 ft.)
long, the lower end of which opened into tube I about 15 mm
(0.6 in.) from the bottom of the latter. The upper end of the
spiral tube extended above tube I, in order to enable connec-
tion with the air supply. The real vaporization tube III, which
containec. the fuel, was set into tube'I. Thereby, because tube
I already had the thernostat'temperature while tube III still
had the room temverature when set into tube I, the heating of

tube III proceeded upward from the bottom of tube I and the al-

ready evaporated liquid, which rose from the surface of the 1lig-

uid up to the upper, still cooler wall of tube III, might have

b
been precipitated again on this cooler wall. Hence only a thin-

walled copper tube II, with a flat bottom, was placed between
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-

the tubes I and I

=
L]

Tube II rested directly on the bottom of

tube I whnere it w

I3

s held by a copver collar-step bearing. The
top of tuvbe II was widened into a conical'shape, on which rested
the similarly shaped top of tube III, leawing an air space be-
tween tae two throughout the whole length of the latter, 17 cm
(8.7 in.). Thus the vaporization tube III was heated from above
downward, so that no precipitation of the vapors could occur in-
side the tube above the fuel. The copper vapcrization tube III
had an imner ciameter of 6.05 rmm (C.OB6 in.) . and wall thickness
of 0.5 mm (0.02 in.).

In order to measure the temperature of ﬁhe fuel, a thermo-
electric counle was soldered to the vaporiz&tion tube III at a
height of 2. cm (0.72 in.) from the open end, because the surface
of the liguid remeined a2t this height with variations of only a
few millimeters. Mloreover, the vaporization process was dis-
turbed less bv this arrangenent, than by immersing the wires in
the liguic.

A is the ‘entrance woint of an air stream dried by passing
through a long caloiﬁm chlorice tube Whioh,'after rassing through
the 2.3 1 (2.2 ft.; thin-walled covper spiral, had taken on the
temperature'of the thermostat. The air was drawn through by means
of a water-iet air pump. Pressure variations of the air stream
were prevented by the introduction of two glass bottles. The air-
exhaust pive "B extended thréugh a2 Tubber storper in tube I o

within about 3 cm (1.2 in.) of the vaporization tube IiI and was
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bt
(@3]

-

connected with the air pump.

The tube III was filled with fuel to a ceritain height end a
determination was made of the amount of fuel evaporat.ed in a
given time at 2 given temperature. When an air stream is led
past the top of the vaporiéation tube, it carries away the vapors
coming out of the tube, thus reduoing the &apor pressure at the
open enc¢ of the tube practically to zero while, at the surface
~of the liquid in the vaporization tube, there is the saturation
pressure corresponding to the vaporization temperature at the time.

The diffusion height is then the distance between the level
of the liguid and the open end of the vaporization tube.

According to this arrangement, tae vaporizatioﬁ pProcess can

be formulated as follows:
&x - X0 5 (p,v) - (1)

in which

X = guantity of fuel evaporzted in the time Z;

N}
|

= time in ceconds of the vaporization;
k= coefficient cf Jiffusion;

.q = cross gection of inside of tube III = the surface
area 0 of the liguid in cn®; :

h = height of diffusion space in cm;
b = barometer stand;

p = vapor pressure in mm Hz at the exnerimental tempera-
ture t. ’

This forsula would, with the differential dx/dZ, comprehend
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the true vapnorization condition of the fuel and take into account
the fact that the vavporization speed cdiminishes, at constant tem—

perature, from a rmaximum at the beginning of the vaporization.
After @ coanstant vaporization rate has been established by
the concition that, at the ﬁouth of the small tube during the
vaporization process, the vapor pressure is zero, the experiment
can be extended for considerable time periods Z. Some changes
in the vaporization speéd are due to tie nature of the fuel.
The -results of the experiments give vaporization speeds which
can be regerced only as comparative values. In the experiments,
we MUST taie irto consiceration the fact that we caﬁ compare
only such valued as arc ootained %t the same time.
For the constant rate of vaporization, at which the vapor
pressurc dt the moutﬁ of tube III can be maintained at Zero,

the formula changes to

X _ X 2

"and is simolified, when O remains constant and when the barome-
ter and vanor pressure can also be assumcd to remain constant

during ithe experiment, to !

k' is therefore a measure for the vaporization speed and can be
expressed by measurable guantities.

If we define, as tnc unit vaporization speed X", the quan-
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tity of fuel evaporated: in one hour, with a surface area of

1 cm2, a height of 1 cm for the diffusion space and a barometer
stand of 760 mm, the vaporization speed, according to equation
(3), is then recuced to

w = 2760 h 60
q z

—~
>
S

in which
X : ' : NP . .
76C = amount in grams evaporated in the experiment time
' of Z wminutes, converted from the barometric

pressure of the .experiment to 760 mm, by using
the gas equation for the vapor formed;

h = mean height of diffusion space;

q = cross sectional area of tube III in cm?;

vaporization period ‘in minutes.

N
f

The quantities determining the vaporization speed in cqua-
tion (4) were then found with the above-described ap@aratus.

For this purpose, we filled tube III with fuel up to within
about 2 cm (0.8 in.) of its open end, being careful not to get
any on the walls'of the diffusion chamber above the surface of
the fuel liguid, which wruld exert a cdisturbing effect on the
vaporization. The fuel was Introduced with a glass pipette,
Whidh was drawn out %o a capillary and which extended just 2 cm
into the tube III, at which point the pipette rested on the tube.
The tube was then filled just to the tip of the pipette without
wetting the wall above the 1iduid. Before filiing with a ciffer-

ent fuel, the tube III was brought to a red heat and then cooled
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in a desiccator.

The quantity x of the cvaporated fuel was detcrmined by
weighing the filled vaporization tube III before and after the
experiment. The vaporization period Z, from the inscrtion to
the removal of the tube III, was measured by a stop watch. Be-
fore inscerting tube III, the apparatus was heated to the exper—
iment tempecrature t, but the tube III and its contents still
had the room temperature of about 15°C (59OF)-.~ Had the liquid
been chemically homogeneous, it would haﬁe been necessary , for
an accurate result, to defermine, by a preliminary experiment,
the quantity of ligquid vaporized up to the instant when the tube
III, with its contents, had reached thé vaporization tempera-
ture t. The time and the quantity of the vdporized liquid
WAuld hove had to be subtracted, as a correction; from the val-
ues of the main experiment, since they corresponded to a lower
variable vaporization temperature. In my experiments with
fuels, I attempted to make this correction, but found that with
this correction, the vaporized fuel gave considerably lower val-
. ues than really corrCSpondéd to the fuel, beoéuse the light
liquid components, which evaporated quickly, were not taken into
obnsideration. I did not therefore undertake any correction of
the vaporized quantity, as regards the time and wei%ht, and éc—
cordingly obtained somewhat lower values than the actual ones,
because the first vaporization period was at too low a tempera-

ture, but I came nearer to the reality than with the correction
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and thne values found are at least accurate enough for purposes
of conparison.

The mean neight of the diffusion space had still to be de-
termined. This was found as the 61f*°*ence between the knowm
inner neirht H = 19 cm  of the Vupo ization tube III and the
'mcan height ' of the fuel surface cbove the bottom of the

tube. The height h' was found by weighing, from the formula

8¢}

2.

2 = g h! s,

+
3

in which g, and g, = the weights of the flllbd tube in groams

o

before ond after the vaporization.

cross section of tube III in cm”.

il

a

s = sgpecific weight of fuel at the vaporization teapcra-
turc as dcternined with o specific-gravity botvtle.

Thc vaporization speeds were determined for all the fucls
ot diffcrent temperatures (Teble XVI) and were plotted against

the tomperoture in Fig. 12a.
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Tablé XVI.
Barometer| Temp. | Height | Min- g/hr g/hr.
in dif. h | utes ' k"
mm Hg e cm z X X760
Gas oil. g = 0.2873 om®; H = 19 cn
731 20 2.80 60 0.004 0.00379 0.0369
721 8 2.65 60 0.0051 0.00475 | 0.0438
731 55 .44 60 0.007 C.00653 0.0557
723 70 2.33 60 0.075 0.01657 0.1347
732 92 2.385 80 0.026 0.0246 + | 0.2795
Paraffine oil. q = 0.2873; H= 19 cnm
724 23 2.78 80 0.029 0.0278 0.287
724 50 2.64 60 0.051 C.0486 0.525
724 70 2.39 80 . 0.0879 0.0837 0.885
724 90 2.33 60 0.23008 0.1918 1.550
Coal-tar oil I. ¢ ='0.2875; H =139 cm ’
7228 - 22 2.52 60 0.023 0.0218 0.191
7223 40 2.54 20 0.080 0.076 0.448
724 52 2.40 74 0.0876 0.0826 0.568
724 70 2.08 60 0.133 0.1173 0.849
724 S0 2.36 60 0.219 0.2088 1.642
Kerosgene. g = 0.2873; H= 12 cm ,
724 18 2.90 60 0.00z '} 0.0019 0.0197
724 32 2.77 70 0.005 0.00476 | 0.0323
734 . 56 3.47 70 0.015 0.0143 0.105
724 70 2.36 V70 0.028 0.0267 0.11
Gasoline- q = 0.2873; H = 19 cm
719 17 2.95 | 60 0.024 0.03276 0.2337
720 28 3.85 | €0 0.040 0.0379 0.376
720 35 2.88 60 0.054 0.05128 0.513
720 43 2.33 70 C.71 C.0675 0.683
720 50 2.77 1+ 60 0.093 0.0881 0.849
720 74 2.78 ! 80 0.116 0.110 1.065
Benzol. q = 0.2873; H= 19 cm -
720 30 2.74 80 0.03 C.0265 0.253
720 42 2.74 60 0.048 0.0455 0. 438
720 50 2.66 60 0.087 0.0835 0.888
720 70 ' 2.58 80 0.257 0.2434 2.187
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The representation of the vaporization speeds in Fig. 19a
snows remariably large values for paraifine oil and coal-tar:
0il I in comparison with gas ¢il and erosene, which ic probably
aue to the fect that in fhese two fuels, the percentaze of vol-
atile comnstituents, which evaporaze at the experiment tempera-
tures, is largér than in'tLe two other fuels which are of uni-
fuels, tne lack of experimental facilities for measuring tae

vaporization tl%e and quantity at verr small intervals, is nore

=
I
)
-
14
[

fest and allow the values found for the vaporization speeds
of these two fuels to be used oanly with caution, even for com-
parison.

If we compare the values of the vaporization speeds of gas—

fucl, with the values of kerosene nnd cas

I—v)

oline, as o volatile ,
0il, we find, for example, at t = 20°C (83°F), a vaporization
speed for aoscline Tespectively 12 and 10 times as great as for
kerosenc znd mas oil. Thre ratio for the heavier fuels ig s3ill
more unfavorable &t higher experiment temperatures. A subse-

quent cacpter will contain a theoretical discussion of the sub-
ject as to now wmuch the smaller vaporiéation speed of the haecavy
fuels imnairs their utility in carburetox explosion engines and
nécessitutcs the uise of other means fowr cbtaining an isaitible
mixture of fuel aand air. Such theoretical computations, how-

ever, reculre the diffusion coefricients of the fuels, which

can be deternined from the experimentally found vaporization

-

speecs. S

g

oduced from
%?s)tr available copy.
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Calculation of the Diffusion Coefficients from
the Vaporization Speeds
If we start with the formula

X =
Z

for the determination of the vaporization speeds, it lecads (in
combination with Stefan's theoretically derived -formula, ac-
cording to which the wvaporization speed is provortional to the
logarithm of a {raction whose numerator is the air pressure b
and whose cenominator is the differencce between the air @rcssure
b and tﬁe naximum vapor pressure p) to the,formuia for detcr-
mining the diffusion coefiicient k.

According to Stefan, as already exvnlained, the vaporization

speed of a liquid is
- k b
v = 2 In ——Y
h . g (5)

in which

v = volume¢ of vapor which vasses in unit time through a
unit cross section and is recduced to the pressure
t and the temperature 't of the experiment;

k = diffusion coefficient of vanor at the pressure b
and tempz2rature t of the experiment; :

h = cgistance of fuel surface below open end of vaporiza-
tion tube;

b = atmospheric pressure;

&

. p = saturation pressure at the temperature 1t of the
experiment.
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Hence!i

o= T h )
* = TR % - in (o - 1) (8)

o

Wow the ouantity of fucl vaporized per unit of time and
croes section, which has already been defined as the vaporization
specd, 1is eqgual fo the quantity of vanor which is diffused per
unit of tine through a unit cross section.

If d denotes the vapor density of the fuel, as compared
with air ot 0°C and 780 mm; v, the quantity of vapor diffused

throuzh the unit cross sectlon per second; and h, the height

of the diffusion space in contimeters; we then have

R
k

= v d

>

whereby we must remember thot the quantity of ligquid and of
vapor éa;,bo put equal to one another, only when we refer v d
to water at 0°C and 760 mm and convert the vanor density, which
is universally referred to air at 0°C and 760 mm, to water. Ac-
cordingly, the right merber of the equation must be wultiplied
by the specific gravity of the air:

k"

=V d 0,001293.

oreover, the density d, which is referred to 0°C and
760 w1, wust be converted to the exocriment temperature through
rultiplication by the factor 55%2%—% and the vaporization
speed k" %be referred to the second as the unit of time.
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The equation for calculating the diffusion coefficient ac-

4 . kH A

~ 3600 x 0.001293 X d,- = 2.303 1log o - log (I - D) ’

.

in which k" is taken from Table XVI, 2os also the barometer

s

stand D;
I = a 573 . S , s .
G, = @<qq5 T+ . 1S computed from the vapor densities already
. D0
knovn for the fuels; . the vapor pressure of the fuel, is
2 p iy 2 :

“taken from the vapor-pressure curves in Fig. 12.

The diffusion coefficients k for the different fuels are
plotted agoingt the temperature in ?ig. 19b. The results of
the computation will bve given in Table XVII of Part IV, which

is yvet to follow.

Translation by Dwignht 1. i
Nationnl Advisory Committco
for Acronautics.
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