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from canary yellow to deep gray is produced and the amount 
of carbon monoxide present may be determined by comparison 
with a standard color (nard. 

For the continuous indication and recording of the amount 
of carbon monoxide present in any atmosphere, there is 
available the continuous carbon monoxide recorder. These 
are in use for the control of ventilation in the great vehicular 

Figure 9-H-H Inhalator Being Used in Connection with the 
Schaefer Prone-Pressure Method of Artificial Respiration 

tunnels and in recording the completeness of combustion in 
some industries. This monoxide recorder is of the permanent 
installation type, although some models have been developed 
which are more or less portable. Continuous samples are 
drawn through the instrument by means of an electrical pump; 
gases other than carbon monoxide are completely removed, 
the humidity being definitely controlled, and finally, the 

measured sample is run through a combustion unit where, in 
the presence of a catalyst, coniplete combustion takes place. 
The heat of combustion is recorded by means of a thermo- 
couple and recording potentiometer which is calibrated in 
percentage of carbon monoxide. 

Resuscitation Equipment 

Industrial plants employing cheniical processes are hy 
their very nature interested in gas protecting, detecting, and 
recording devices in an effort to eliminate accidents, Yet, 
in spite of all the splendid efforts put forth by the safety de- 
partments, accidents will occasionally happen. In  case of 
gas asphyxia or partial gassing from most of the gases com- 
monly encountered in the chemical industry, resuscitation 
can often be effected by the use of an inhalator, which 
administers Carbogen (93 per cent oxygen and 7 per cent 
carbon dioxide) in accordance with the treatment perfected 
by Yandell Henderson and Howard W, Haggard, of Yale 
L-niversity, in cooperation with the Accident Prevention 
Committee of the American Gas Association. Inhalators of 
this type are used in conjunction with the Schaefer prone- 
pressure method of artificial respiration with outstanding 
success. 

Conclusion 

The developinent of protective, detective, and resuscita- 
tion equipment for the chemical industry is being given serious 
consideration at all times by the development laboratories of 
the Mine Safety Appliances Company, which invites the co- 
operation of the industry itself in presenting to it its problems 
as they may relate to accident prevention. 

A Western Nitrogen Fixation Plant' 
G. N. Westby 

6803 S I X T E E K T H  .41.E., 

F THE natural resources necessary to the agriculturist 
and the niaiiufacturer but not found in the United 
States, fixed nitrogen is one of the most important. 

Among these fixed-nitrogen products are the nitrites, which 
are used in the dye industries, in the manufacture of ex- 
plosives, and in agriculture. One practical process for the 
manufacture of nitrites is the arc process, but its use has 
never attained coirtniercial proportions generally in this 
country. Howeyer, for almost ten years the American 
Sitrogen Products Company, using this process, nianu- 
factured high-grade sodium nitrite assaying in accordance 
with market demands between 96.5 and 99.0 per cent SaSOs. 
At the end of this period the plant had sufficient installed 
capacity to furnish the entire American market with nitrite, 
but after the destruction of the plant by fire in May, 1927, 
and owing to uncertainty as to its future power supply, the 
company dissolved. I t  is believed, however. that a des mp- 
tion of this somewhat unique plant and its operation and 
product might be of some technical as well as historical 
interest. 

The factory was located at La Grande, Wash., 011 the 
Mount Ranier branch of the Chicago, Milwukee & St. 
Paul Railroad and within half a mile of the Sisclually hydro- 
electric station of the city of Tacoma. 

1 Received July 16, 1930. 
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The plant consisted of arc or electric furnaces, heat inter- 
changers, an absorption-tower section, evaporators, crystal- 
lization floor, drying section, packing department ~ storage 
arrangements, and all necessary mechanical and electrical 
equipment for these department's. In  general, the plant 
comprised units which grew from the first of the experinieiital 
structures, expanding as experience pointed the way. In 
the beginning the furnace design was in an einbryonic stage 
and the capacit'y quite uncertain. The conditions governing 
the forniation of sodium nitrite under the new controlling 
circumst'ances were not well known and the proportionate 
adjustment of each departnient' of the plant to an 
had to be made in the light of experiment. 
of the major problems there resulted ultimately an arrange- 
ment of parts which might have impressed the visiting eiigi- 
neer as planless and built without the formality of blueprints. 
However, during the course of years gradual changes evolved 
a plant which was peculiarly adapbed to the product that 
mas to be manufactured, with costs which made possible 
profitable competition with other chemical works producing 
the compound. Secessarily, cheap electric power was the 
foundation on which the whole enterprise rested. 

The apparatus used and the procedure followed in the 
manufacture of sodium nitrite by the La Grande process 
might conveniently be summarized as follows: 

With the 
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(1) 
of the electric arc. 

(2 )  
interchangers. 

(3) nitnte . 
(4) Evaporation of nitrite liquors. 
(5) Crystallization of sodium nitrite. 
(6) Drying nitrite crystals. 
(7) Packing the product. 

Fixation of nitrogen and oxygen of the air by means 

Rapid cooling of heated gases and utilization of heat 

Absorption of nitrose gases and production of sodium 

Fixation of Gases in Arc Furnace 

The arcing furnace used in the fixation of nitrogen and 
oxygen with the formation of nitrose gases was a develop- 

conduit receiving gas discharges from all the furnaces in 
operation, and then were drawn through the tubes of a heat 
interchanger to the absorption system, entering the system 
a t  a temperature near 200' C. 

The air was driven into and through the furnaces by means 
of two pressure blowers having a total capacity of 10,000 
cubic feet of air per minute under standard conditions. 
The static pressure at the blowers ranged between 13 and 16 
ounces per square inch, but the friction of the entire system, 
including furnaces, mains, heat interchanger, and the ab- 
sorption towers, necessitated the use of a supplementary or 
booster fan, which was located a t  the downtake of the first 
tower of the series and acted both as an exhaust and pressure 

ment of the Wielgolaski furnace. This-furnace is a modifi- fan. 

Figure 1-Arcing Furnaces, Absorption Towers, Etc., after Fire 

cation of the Schonherr, which has been used so successfully 
in Scandinavian nitrogen fixation plants. Unlike Schon- 
herr, the La Grande furnace was set horizontally and built 
so that the furnace as a whole was composed of two sym- 
metrical parts made up of standard iron pipe. The total 
length of the furnace was about 40 feet, but the length of the 
arc varied between 20 and 30 feet. Figure 1 is a photograph 
of the plant after the fire, showing the furnaces in the fore- 
ground. 

The arc was struck between the points of iron kindling 
horns which projected through a cylindrical slotted soapstone 
sleeve, and was swept inward by a regulated air current. 
As the air volume split inside the soapstone cylinder, the arc 
was carried through the twin sections of the furnace to elbows 
a t  each end near where the arc terminated. The air volume 
carrying the arc was given a spiral or whirling motion by 
passage through tangential slots in the soapstone sleeve. 
The current of spiraling air tended to hold the arc in the axis 
of the furnace and incidentally protected to a limited extent 
the interior surface of the furnace. The air before admission 
to the soapstone ports was preheated as it cooled pipe sections 
on each end of the soapstone sleeve, thus effecting an increase 
in furnace efficiency. 

Cooling and Utilization of Heat Interchangers 

The end sections of the furnace were water-cooled, as 
were the downtake elbows located a t  the extreme ends. 
The passage of the furnace gases through these sections com- 
pleted the primary cooling effect initiated by the injections 
of the comparatively cold air into the central wind box of 
the furnace. The cooled gases, approximately a t  a tempera- 
ture of 800" C., passed down soapstone-insulated elbows 
at each end of the furnace to gas mains leading to the main 

Construction Features of Furnaces 

An important factor bearing on the economics 
of production was the general design and con- 
struction features of the furnaces. These were 
so built that a defective or burnt section could 
be removed and a replacement introduced 15 
minutes after the power was thrown off. 

Excepting for the wind box a t  the center of 
the furnace length, the apparatus was made up 
of sections of jacketed, standard, wrought-iron 
pipe, and each section was of a size and length 
which could be easily handled by two men with 
the aid of a chain block attached to trolley wheels 
on a track suspended above the furnaces. In  the 
design the length of section was also dependent on 
the relative corrosive action of the electric flame on 
different parts of the furnaces, so that the part 
most subject to the destructive action of the arc 
could be most quickly and cheaply replaced. 

The most actively attacked parts of the furnace were the 
so-called arcing tubes, which were exposed to the intense 
radiant heat of the flaming arc, and although they were 
cooled on the exterior surface by the blast of cold air entering, 
the iron during the operation of the furnace was at a dull red 
heat. The arcing tubes were about 7 feet long and ex- 
tended along the axis of the furnace on each side of the 
wind box containing the median insulating sleeve; these 
parts of the furnace section consisted of a central 6-inch 
wrought-iron flanged pipe forming the arcing tube, encased 
within a 9-inch pipe which in turn was enclosed in an outside 
12-inch shell attached to the wind box. The jacketing 
was so arranged that air forced into the casing near the 
wind box was driven by plenary pressure over the jacketed 
9-inch pipe and returned to the wind box as a cooling stream 
flowing over the exterior surface of the arcing tube. The 
flanged-arcing tube was removable by loosening three wing 
nuts and then turning slightly in the horizontal plane the 
furnace half being worked on, using the downtake elbow 
as a center; the burnt or punctured tube could then be 
withdrawn and replaced by a new or repaired tube. 

The water-cooled sections extending beyond the arcing- 
tube flanges to the jacketed downtakes were interconnected 
by heavy rubber hose attached to  nipples welded into the 
outer casing. The end joints of the sections were closed 
by hinged iron clamps, which were lined with wire-inserted 
graphited asbestos cloth. 

The downtakes below the elbows a t  the furnace ends were 
simply short vertical flues made of No. 18 black sheet iron 
rolled to form 22-inch cylinders; these were lined with a 
tamped refractory 3 inches thick. The top connection to 
the live furnace was made through a soapstone ring 4 inches 
thick which ordinarily served as an effective electric insulator. 
The soapstone was set on a flange welded to the top edge 
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of the downtake. The long leg of the water-cooled elbow 
of the furnace passed through an iron ring closely fitted 
to the ell and resting on top of the soapstone ring. The 
downtakes joined gas-In?in ells set about 5'/2 feet below the 
axis of the furnace; these were provided with apertures for 
cleaning purposes. 

The gas mains were of KO. 12 sheet-iron pipe lined with a 
refractory made from water glass, fire clay, and ganister or, 
in the case of the newer furnaces, by No. 1 fire brick. Gas, 
v,-ater, and air mains \+ere placed in concrete channels cutting 
the floor level parallel with and directly under the furnaces. 
The gas mains were made up of sections about 10 feet in 
length which were connected by means of bolts in slotted 
flanges and were removable for relining, patching, or re- 
placement, i f  required. 

The electric capacity of the nine furnaces in operation 
during the later history of the plant approximated a total 
of 9000 kilowatts with an impressed voltage across cach 
furnace of about 2150 and a power factor of about 50; they 
were operated star-connected from a 3-phase, 6O-cycle, 
6600-volt supply and individual furnaces were accordingly 
grouped into banks of three. The banks were controlled 
from switchboards which permitted the use of overloads 
when additional power was available. On the switchboard 
were the usual measuring instruments and switch gear 
controls. The general electrical arrangement is shown 
diagrammatically in Figure 2. 

The air supply was controlled from the switchboard 
by means of a wheel and ratcheting device actuating a slide 
valve. When about 1000 kilowatts were put through the 
furnace, about 800 cubic feet of air per minute were required 
under standard conditions. 

Production and Operating Efficiency of Plant 

Furnace sheets registering the climax of production and 
operating efficiency of' the plant were those recorded a few 
days before the fire. On days during which there were no 
interruptions to the flow of electric energy through the 
furnaces, a consumption of nearly 180,000 kilowatt-hours 
was shown on the instrument boards. At a furnace effi- 
ciency of 550 kg. of nitric acid per kilowatt-year, a possible 
production of 12.42 tons per 24 hours is indicated with the 
energy given. 

About 30 per cent of the heat developed in the furnace 
operation was available for the production of steain and 
its utilization in the evaporation of nitrite solutions. The 
steam was generated by means of a heat interchanger in the 
forin of a horizontal multitube boiler which was set in the 
furnace room and which operated between 60 and 80 pounds 
steam pressure. A door a t  the rear of the boiler facilitated 
cleaning, a process which became necessary after about 
30 days' continuous operation, owing to clogging of the tubes 
with finely divided iron oxide from the action of the arcs 
on the iron interior of the furnaces. 

An idea of the quantity of heat available for steam genera- 
tion may be had by considering the fact that 30 per cent 
of 180,000 kilowatt-hours, which has been mentioned as a 
possible furnace input, would be equivalent to the theoretical 
heat derived froin the combustion of 6.5 tons of coal (14,000 
B. t. u. per pound) per 24 hours. 

Absorption of Gases 

The nitrose gases reduced to a temperature between 
200' and 250' C. discharged from the heat interchanger 
and passed through 25 feet of 16-inch sheet-iron pipe to the 
first of a series of three absorption towers, where they were 
brought in countercurrent in tower No. 1 of the series with a 
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partially saturated soda-ash solution. The gases were 
exhausted from the top of tower No. 1, drawn through a 
sheet-steel fan, and then driven through the two other towers 
of the series, finally discharging into the atmosphere from a 
pipe on the third absorption tower. 

The towers were each about 60 feet in height and 18 feet 
in outside diameter, and were constructed of redwood staves, 
bound with iron rods and lined with concrete and cheniical- 
resistant brick. The closed tops of the towers were formed 
of reenforced concrete 8 inches thick, and the structures 
were built on stone piers sufficiently high to allow the circu- 
lating liquors to discharge by gravity to sump tanks set 
below the floor of the towers. 

The solutions circulated through the towers over the 
surfaces of earthenware filters which presented about 30 
square feet of scrulhing surface per cubic foot of packed space. 
Distribution of the liquor a t  the top of the tower was effected 
by sprays attached to radial arms of pipe of varying length 
inset on central mains passing through the center of the tower 
top. The spray consisted of a nozzle through which the 
liquor impinged on an inverted conical plate, thus causing a 
spume of liquor to be ejected around the circumference 
of the plate. 

6600 1 
volts 4 < 

Disconnec fs 

\ 

& 

/ 

f Uf?NRCES 
/ - 
\ 

Drop across arc 
2/00 Volfs 

Figure 2-Electrical Arrangement of Furnaces 

The sump tanks receiving the liquors discharged from the 
towers were connected to motor-driven, dircct-connected 
centrifugal pumps mounted on low piers set in n sunken 
concrete slop floor. The function of the pumps was to keep 
the liquor in circulation through the tower systems, although 
they were occasionally used in the intertransfer of solution 
between tanks when the alkalinity of the solution circulating 
in tower No. 1 had become neutralized and converted to a 
solution of sodium nitrite. 

The alkaline liquor used in the tower system was derived 
from a solution of soda ash in water a t  a concentration 
approximating 15 pounds per cubic foot of liquor. The 
soda ash was dissolved in warm water using an agitating 
device in an iron vat placed below the floor level, and then 
was pumped to storage tanks near the absorption towers. 



1102 INDUSTRIAL AND ENGINEERING CHEMISTRY 

The liquor was kept hot until required for tower circulation 
by steam from the heat interchanger, the tanks being some- 
what insulated by a coating of crystals deposited on the 
interior surface of the storage tanks. 

Sfo raq e 
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Drain at60° C. 

MI! -3 Drain of &C. 

.~ Drain at65" C. 
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I 
Figure S-Flow Sheet of Evaporator and Pan Sysiem 

When the nitrite-charged liquor was pumped to storage 
from tower No. 1, partially neutralized solution was trans- 
ferred from the sump tank of tower No. 2 to the circulation 
system of tower No. 1, and the liquor from No. 3 tower was 
run to the circuit of No. 2. The strong solution of sodium 
carbonate was then discharged from the alkaline storage 
tanks to the circulating system of tower No. 3. It will be 
seen by this procedure that the usual course of bringing the 
weakest gases in contact with the strongest reagent and 
vice versa was here followed. 

The nitrite storage liquor, approximating a gravity of 
26" Baume (containing about 25 pounds of sodium nitrite 
per cubic foot of solution), was pumped to reserve tanks 
located under the roof of the factory, high enough so that 
thereafter the flow of liquor and the derived crystals of 
sodium nitrite would be effected by gravity. 

Evaporation and Crystallization 

The liquor from the reserve tanks, regulated by automatic 
float valve control, passed to Kestner evaporators which 
were operated by steam from the heat interchangers in the 
furnace room. When the concentration of the liquor was 
49" BaumB, with a corresponding temperature of 120" 
C., the fluid was discharged through an iron pipe with 
appropriate valve control to one of a series of sheet-iron 
crystallizing pans which were situated on a floor located 
below a platform sustaining the slop tanks of the evaporators. 

This pan room contained 20 square sheet-iron tanks 7 
by 7 feet by 30 inches deep, arranged in two lines along the 
length of the floor on which they were supported. Light 
rails extended between the two rows of tanks, forming a track 
for a 1-ton rocker-type dump car. Over the pans were 
steam, air, and evaporator discharge pipe lines, and over 
some a chain-hoist mechanism for handling the crystals. 

The sodium nitrite crystallized from the lye as the liquor 
cooled by the radiation and convection of heat from the 
exterior surfaces of the pan. An air jet forced through a 
small iron pipe into the liquor accelerated the cooling effect, 
principally by causing rapid currents of liquor to  wash the 
comparatively cold interior surfaces of the tanks. 

When the pan contents had cooled to approximately 50" C., 
a cylindrical screen about 12 inches in diameter by 20 inches 
high was placed over a plugged aperture in the bottom of 
the pan, the stopper of the aperture removed, and the mother 
liquor drained from the crystals. Usually about 4000 
pounds of crystals were deposited in each batch. 
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The mother liquor drained from the crystals was dis- 
charged to mother liquor (ML) tanks and later successively 
retreated by evaporation and subsequent crystallization, 
with the recovery of more nitrite crystals until about one- 
half of the salt content consisted bf sodium nitrate; this 
residuum was ultimately recovered as a by-product and sold 
as fertilizer. However, there was very little of the material 
formed and during the last year of the company's operation 
less than 2 tons were barreled. The general course of the 
treatment of the liquor is shown in Figure 3. 

Ordinarily the crystals of the sodium nitrite, after draining, 
were transferred into the dump car from the crystallizing 
pan. The crystals in the filled car were then discharged 
to a centrifuge hopper which was set beneath the pan floor 
adjacent to the dump car track. The nitrite crystals were 
intermittently drawn from the hopper and centrifuge until 
the moisture content was reduced to about 1.5 per cent. 
The crystalline material was then dropped to  a second bin, 
located so that its funnel was directly connected with the 
worm of a spiral conveyor which was used as a drier feed. 

Drying 

The drier was a steam-jacketed cylinder through which 
the material was transferred by means of a cut flight conveyor 
mounted on a shaft supported on bearings at the drier cyl- 
inder ends. A spout at the discharge end of the apparatus 
conveyed the dried crystals to paper-lined barrels in which 
the nitrite was generally packed. 

Packing 

A shaker on which the barrel was placed served to pack 
the crystals very compactly. Usually the packed standard 
barrel weighed about 450 pounds. After filling, the barrel 
was headed, labeled, weighed, numbered, and transferred to 
the storage floor, ready for shipment. 

Economics of Process 

The equipment and methods described were not the 
most modern, and the handicaps of a thirty-three mile 
haul to  Tacoma and of the uncertainties of the power situa- 
tion were serious, but the product of the plant was very good. 
There was generally a satisfactory market for the nitrite 
and during the later years of the history of the plant the 
costs were such that a good margin of profit was indicated. 

The measure of the efficiency of a plant is not necessarily 
the cost sheet, but known items, when taken into considera- 
tion with the limiting conditions, are illuminative and 
suggestive. The following list will give some idea of relative 
costs when the plant was operating under fair conditions of 
cost and availability of power and an assumed production 
of 200 tons of sodium nitrite per month. 

COST PER PER CENT OF 
MONTH TOTAL COST 

Alkali (sodium carbonate) 
Labor 
Power 
Supplies 
Packing 
Taxes 
Depreciation 
Overhead and incidentals 

39.4  
11.0 
22.4 

5 .7  
4 . 4  
0 .9  
8 . 0  
8.2  

Total per month., . . . . . . . . . . , . . . . .$lS,26S 
Cost per pound of nitrite.. . . . , . -4.55 cents 

The lowest price quoted for sodium nitrite in a number 
of years is 6 cents per pound; but the normal price range 
is between 7 and 9 cents per pound. 

I n  the past nearly all the sodium nitrite produced in the 
United States was used in the manufacture of azo dyes, 
but there is now a relatively large market developing in 
meat-packing industries, as a result of the discovery that this 
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salt is superior in some respects to sodium nitrate for use in 
meat preservation. 

The American Nitrogen Products Company was nearing 
financial stability with an expanding market before it; but 
the plant had reached a point of growth where further im- 
provisation was impracticable. Further progress called for 
reconstruction of the factory; new buildings ‘were almost 
essential for continued operation and a removal of the plant 
to Tacoma or Seattle was eminently desirable. A. department 

for the manufacture of the alkali used in neutralization of the 
nitrous acid was needed and in general a modernization of 
all the equipment. 

Ordinarily with input of normal power there was little 
disturbance of continuous furnace operation, and the La 
Grande furnaces were a remarkably practicable electrical 
apparatus for the specific purpose for which they were in- 
tended, but important improvements were possible in new 
design and reconstruction. 

A 

The Condensation of Vapors’” 
C. C. Monrad and W. L. Badger 

DBPARTMENT OF CHEMICAL ENGINEERING, UNIVERSITY OF MICHIGAN, ANN ARBOR, MICH.  

CRITICAL survey of 
the literature on heat 
transfer from condens- 

ing vapors to solid surfaces 
shows that this subject is ex- 
tremely complicated theoreti- 
cally, and that experimental 
results to date seem to be 
rather inconsistent and in- 
complete. 

A large amount of work 
has been done on the 1,ransfer 
of heat from steam to water 
through a metal wall, but very 
few investigators ham: meas- 
ured the temperature of the 
metal. Therefore, in most 
cases only over-all coefficients 
of heat transfer have been ob- 
t a i n e d ,  which could be 
changed by varying condi- 
tions on either side of the 
metal boundary. A rough 
calculation of the meta’ sur- 

Several important theoretical contributions have 
been made to the subject of vapor condensation that 
have not been generally recognized. The contributions 
of Nusselt in particular show the quantitative effects 
of physical properties of the vapor and liquid, impurity, 
superheat and velocity of the vapor, and the size and 
shape of the surface on the transmission of heat from 
condensing vapors. This theory is briefly reviewed. 

Application of the Nusselt theory to data on vapor 
condensation on the outside of horizontal tubes shows 
that the theory is valid for this case. 

Application of the theory to data on vertical tubes 
shows that o n  long tubes, or at high temperature 
differences, the theory does not hold, probably owing to 
turbulence and drop formation. An equation for de- 
termining the start of turbulence in a film of conden- 
sate is derived, and it is shown that turbulence ac- 
counts for most of the observed deviations from the 
Nusselt theory. 

The effects of superheat, vapor velocity, and impurities 
are pointed out. Several corrections to the Nusselt 
theory are made, especially on the effect of vapor ve- 
locity. 

face temperature could be made if the coefficient of  heat trans- 
fer for the water side were known, but such calculations are 
never accurate and may lead to erroneous conclusions. 

The subject of heat transfer from condensing vapors to 
solid surfaces has not received so much attention as that 
from a solid surface to a non-boiling liquid because of the 
experimental and theoretical difficulties. Mori?over, until 
very recently it was not necessary to know very much about 
this subject, because the resistance to heat flow of the con- 
densing vapor has been much less than the other resistances 
involved and often could be neglected. The application of 
dimensional analysis to the problem is extrernely difficult 
because of the large number of variables and because there 
is a change of state from vapor to liquid. 

Very recently, however, liquor velocities in evaporators 
and condensers have been increased to such a point that the 
vapor resistance is becoming of greater importance. In  
fact, in the experiments by Badger, Monrad, and Diamond 
( 4 )  on the evaporation of caustic soda with diphenyl vapor, 
the major resistance to heat flow was on the vapor side, and 
the liquor resistance could be almost neglected in calculating 

1 Received June 10, 1930. Presented before the meeting of the Ameri- 
can Institute of Chemical Engineers, Detroit, Mich., June 4 i o  6, 1930. 

* Abstracted from a dissertation submitted in partial fulfilment of the 
requirements for the degree of doctor of philosophy in the University of 
Michigan. 

the heat flowing. This means 
that any appreciable increase 
in the amount of heat trans- 
ferred m u s t  b e  m a d e  b y  
changing conditions on the 
vapor side. 

Nomenclature 

The writers have thought 
it advisable throughout this 
paper to use the symbols 
f o u n d  most  genera l ly  in 
American practice and a t  the 
same time not to use the same 
symbol for more than one 
p r o p e r t y .  I n  general the 
properties of the liquid are 
used without subscript and 
those of the vapor symbol- 
ized with the subscript u. 

For the most part all physi- 
cists and other scientists use 
the c. g. s. system for the units 
involved. but no such agree- 

ment is found in technical practice. The European or rech- 
nical metric system was for a long time based on the meter, 
kilogram, large calorie, second, etc., and conformed in general 
to the c. g. s. system except that the units of force were de- 
fined in kilograms, corresponding to grams instead of dynea 
in the c. g. s. system. This had a marked effect on the units 
of various other properties such as viscosity. More recently 
a mixed set of units has been used in which the hour replaced 
the second for many of the properties. This has led to 
considerable confusion. 

The English system of units is in even worse condition. 
Very few workers use the same units, and in general all use 
a mixed system. Thus a very familiar example is the com- 
mon Reynolds’ criterion, which is supposedly a dimension- 
less group. 

I n  the English system this is usually 

pound second-centimeters 
2 gram second cubic foot X 

foot - Dup = inch x - 

If the correct units were used, the numerical value of the 
criterion would be independent of the particular system 
used. It so happens that in the technical system Reynolds’ 
criterion must be Dupjtg in order to be dimensionless. 

A large part of this paper deals with the theoretical work 
of Nusselt, who used the older technical units throughout. 


