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The Measurement of Surface Temperatures with special reference to

Surfaces undergoing Evaporation.

Introduction.

The rate of evaporation of water from any colloidal or crystal-
loidal material ,when other factors are the same,is directly propor-
tional to the vapour pressure difference.

This is expressed by formulse of the type:
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Where w is the water content,
Pg= vapour pressure of the evapoﬁgng liquiad.
D= partial vapour pressure of the ligquid in the atmosphere,

Por the particular case when a substance is dried in an at-
mosphere of zero humidity the above equation reduces to,

- agge K Be wmeemnenoanooo --(2),

i.e. evaporation is greatest when ps is greatest or when the
surface is hottest.

As a substance dries,its moisture content becomes less and
there-fore the vapour pressure (decreases.The rate of evaporation
depends on the difference between the vapour pressures in the mate-
rd4@1 and in the atmosphere so it is obvious that this rate decreg-
ses as the material dries.

B.A. Keen as the result ofastuly of evaporation of water from

soils, obtained an empirical equation expredsing the influence of this
factor namely,



A'g;!_,: %03 logw." (W‘l’k)-loge K P S ST Y (3)
at

Where A.and K.are constant.
Since the available surface from which evaporation, takes place
8ecreases as the moisture content decreases,this will afflect the

rate of evaporation.This fasctor is scoounted for,by the following

equation?
S
-t =D 3 §00 J#I) mmmmommeemn e (4)

Where Dis@léonstant
w = percentage of water by weight.
8 £ real specific gravity of soil.
Combining these two equations,the rate of evaporation is expressed

by,

T i _
B dw = 3’(?60* I) [2.303 log IO(w+Xk)-loge KJ- ------- (5)
at

This is an example of the way in which evaporation problems
have to be solved.Many equations exist,expressing the rate of eva-
poration under the influence of different factors.All arer-necessa-
rily empirical to some extent,and the coé&ants involved have to be
determined for each different drying substance.

Ho complete explanationAof the faotorsfinfluencing evaporation

is available.One of the most important factors,viz.the effect of
the diminshing vapour pressure in the material as its moisture gonS-

tant decreases,can only be compléetely determined when the rrela-

tion between vapour pressure and water csontent ig acourately known.



The vapour pressures in successive layers of a drying material
depend on the moisture content and on the temperatures involved.
These factors are of great importance in industrial drying proces-
ses.For example,in the paper industr¥s,where large rolls of wet
paper have to be dried out,it is found that when»the paper has dri-
ed out to a certain extent,the layer from which the great part of
the evaporation is taking place is slightly below the surface.The
way in whidh heat is applied to dry the rolls has such an effect
on the vapour pressures in the paper that a great deal of expensi-
ve investifation has been carried out to determine the most econo-
mical methods of using the heat emergy.This way of solving the pro-
blems is empirical and very costly but no other way is open until
the influence of the various factors influencing the rate of evapo-
ration is accurately known.

During an investigation of these and other hygrometrical pro-
blems it became increasingly evident that a complete explanation

could not he given until the surface temperatures and temperature
gradients mear drying surfaces could be determined with precision.

This problem presented numerous difficulties and has been made the

subject of a detailed subsidiary investigation.



A oritical review of Methods of measuring surface temperatures.

The chief difficulty in the solution of thi8s problem is to
find a satisfactory method of measuring surface temperatures.So far
there has been no available data on the accurate measurement of the
surface temperatures of moist-porous solids while undergoing eva-
poration.

There have been developed several methods of measuring the tem-
peratures of metallic surfaces such as boiler tubes,surface walls
etc.An examination of these methods and their special difficulties
that have to be overcome was essentisl to enable the writer to se-
lect a method to apply to the prohlem of moist surfaces.It was
found that none of these was satisfactory and that a new method had

to be devised for use in the case of moist surfaces,
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The greatesbaifficulty to be overcome is the effect of the
temperature gradient near the surface.

Pig(I) illustrates the steepness of this temperature gradient
near a hot surface.3imple experiments show that the steepest part
of the gradient is in the region next to the surface.This region
appears to be a gas film adhering to the surfacs.

Consideration of the different possidle ways of measuring the
surface temperature shows at once that the ordinady bulb thermome-
ter and resistance thermometer are impracticable.

The bulb of the former when in contact with the surface is ac-
tually at a temperature approximating to the average tempemature
at adistance of a millimeter or so from the surface.Screening the
buld with felt only raises the temperature by a small amouht,

The resistance thermometer is constructed for immersion in & re-
gion of cikmniform  temperature.It suffers from the same defect
es the ordinary thermometer in that it cannot attain the tempera-
ture of & surface with which it is brought into contact.

The only practicable method of measuring surface temperatures
is the thermoelectric method.This makes use of the fact that if
two pieces of the 20§18 wire are joined to the ends of a wire of a
different metal and the circuit completedyan elestromotive force

is set up which depends on the temperatures of the two junetions,

Acirouit made in this way with precautions against strain and che-

mical action on the wires can be used for measuring.



temperatures if the temperature of one junetion is ¥mown.
This is the prineciple underlying the methods at present in use
for measuring surface temperatures.
A resumé of these methods is given together with critiei®m
of their ranges of gerviceability.
The Factors infiuencing surface temperature for metallic sur-
face: readings are?
(a)Temperaturergradient near the surface,
(b)Conwsection eurrents.
(6)The nature of the surface as regards
(I)heat conductivity
(2)electrical conductivity

Methods in use.

(1} The exploring couple,
(2) The imbedded couple,
(3) The soldered couple,
(4) The compensated ecouple,

(6) The severed couple pressed against the surface,

(6) ™ " " imbedded in the surface,
(7) * " " soldered to the surface,
(8) The electroplated severed couple.

In all the above,one junction is assumed to be at O°C.With the ex-
ception of (4) and (8) they have all been testedby the writer.rhese
methods,with the exception of the exploring Junetion,are designed

for the measurements of the temperatures of metallic surfaces only.



The followingeriticalu review includes the results of a com-
parison of the compensatei couple with other methods,by Adams and
Keaé?in order to make it as comprehensive as possible.

The Exploring Junction,

The esdvantage of this method isits mobility.It can be moved
from one vart to another of a surface a will.Unfortunately however
it is not sufficiently accursate.

The reasons for this cen be seen at once from fig(2), When the
Junetion is touching a hot surface it actually lies in the region
of steep tempsrature gradient.This film nesar the surface is much
thinner than the Junetionhead which consequently does not reach
tze temperature of the surface.The degree to which this affects
the reading depends upon the size of the junction.When the tempe-
rature of an enclosure is measured the size of»the junsction does
not affect the reading but for surface temperatures greater care
has to be taken to meke the junetion as small as posgsible.

A second factor that decreases the value of the[ﬁy conduction
temperature recorded is the loss of heat from the junotionzélong
the wires of whisch the couple is composed.This depends on the heat

conduetivities of the wires,the areas of eross-section,and the

temperature gradientsoutwards from the surface.
The latter san be decreased somewhat by surrounding the june-
tion with a heat ingulating substance, cotton wool or felt,whioh

also reduces loss due to comyectionburrents.Making the junetion



from as fine wires as possibie reduces heat loss by conduction
but Bhere is a 1limit to the £ineJiESSof wire used,determined by

the amount of strain and rough usage which has to be withstood

in practicse.

The Imbedded Junction (£ig3)

The difficulties dus to poor contast in the using of the ex-
ploring junction are removed by one of two methods.The firat is
by imbedding the junction in the surface .A special punoh is &a-
vailable for inserting & junetion in a hole drilled $m & metal
surface,The concave tip of the punch forces the metal around the
hole tighlly against the junctiong.ensuring its holding firm and
maintaining good contact.

The depth to which the juncetion is inserted is determined
by ekperience.If it is buried too deep then it is not the surface
temperature that is being found by itﬁ%%e temperature within the
metal.Conduction of heat along the wires is a factor that holds
for the imbedded couple as for the first method ,nevertheless it
is a more sensitive method than that of the exploring eouple.

It was found by experiment that of a number of souples made
from the same €o0ils of wire,the loose or exploring couples were
less sensitive and showed greater variation in thermoelesctrias

power among themselves than junctions attashed to the surfsse.
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The Soldered Junction (fig4)

Atteching a junetion to a surface by means of soldering is
another way of overcoming the difficulty of poor metallis contact.
The amount of solder used must be as small as possible for if a
lump of solder projects from the surface its temperature will
obviously be slightly below the surface tempsrature.Careful sol-
dering however preventsthis.

The temperature recorded by this methodis im generel less by a
few percent than the imbedded couple reading.In the one case the
Junetion is actually on the surfasce and in the other within the
surface.fhe effect of the heat sonduction along the wires is grea-
ter at a point where they meet the surfase than at a point slightly

below the surface.

The Compensated Couple (figh)

The above methods,intended to improve metallis son#ast have
the disadvanteges of being fixed to one place.Boyer&Bus® have de-
signed a thermo-couple that can be moved sbout over a surface
and is compensated for heat 105%3 along the wires, ThEPmocouple
wires are soldered to a silver dise which is pladed against the
surface.Heat conduietion along the wires is eliminated by heating
a similar dise,placed a short distance from the #irst,to the sa-

me temperature as the surface.
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This is done by means of a heating coil set behind the outer
digs@.The temperature of the oufer disc is raised until the ther-
mocouples attached to both discs record the same temperature.
There is no heat loss along the wires from the surface dise when
a uniform temperature exists between the discs,so that the tempe-
rature recorded by either thermo-couple equals the surface tempe-
rature required.

The size of the compensated souple makes it inapplicable to
cases where the surface is moist.Fhe discs were 2% cms in disme-
ter and the wooden frame in which they were set was 8cms gquare.
It was found that unless the couple was kept moving over a sur-
face kaad the é&eening of the part under it from conWection and
radiation effeets,built up the surface temperature in this region.
The method wag designed for moving surfaces and has been found
very satisfactory for this purpose.Further development of this
method in the direction of making the area of the head of the cou-
ple smaller would be of use,but the objections on the score of

surface screening would still hold for moist surfaces,
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The severed thermocouple.

The idea of separatiéng the wires forming & junction and ma-
king the surface whose temperature is requireaﬁfonm the conn€c-
ting link between,is not new,Several experimenters have used this
method but without appre@iating its full possibilities.

Fig(6) illustrates the simplest case of the severed couple,the
p-ressing pf two wires against a surface.

Pig(7)shows them imbedded in the surface and,

Fle.(8)soldered to the surface.

In principle these three methods are the same,though they dif-
fer as regards convenience, The imbedded & soldered methods are
both capable of great precision;ﬁressing the wires to the surface
does not ensure good enough contact so that readingsobtained by
this method are unreliable.

The severed couple has the advantages over the soldered cou-
ple of—

(a)Allowing better contact to be made with the surface.less sol-
derf%ecessary to attach a single wire to a surface than,is the ca-
se for & junction.

@)Decreasing the heat loss due to conduction along the wires’
for more heat is removed from the point of contast of two wires
than from the point where a single wire meets the surface.

The possibility of using this method to estimate accurately

the heat losses along the wires led to & very detailed study,
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By the writerﬁits applications to temperatures of metallic and
non-metallic moist surfaces.The theory of methods of Calculating
heat losses is given below.

The electroplated thermocouple.

A new method of improving metallic contact with the surface
and of reducing heat losses as much as possible was devised bySJUMER
aﬂfdﬁﬁfhe wires forming the thermocouple were wound round the i
gurface and layers of the seme metals as those of which the wires
were composed,were electrolytically deposited on the surface.For
instance a copper wire was attached to the surface with a film of
deposited ocopper and a nickel wire with nickel.

The results of this method were described as satisfactory.lt
is in prinoiple the severed couple,contact being made in a differ-
ent way.It is doubtful whether,in prastioce,the extra work neces-
gary for application of this method justifies its use.

It will be noticed that the above methods have all been desi-
gne@d with the same object ,n=mly,the elimination of errors due to
heat econductionand poor contact.The sompensated cpuple and perhaps
the electroplated couplie are the only ones that apparently suc-
ceed in eliminating heat losses.The size of the former,which pro-
duces a soreening effeet on the surface,mekes it of little use
when a surface is undergoing evaporation,and the latter method

is obviously in-applicable to any but metallic surfaces.

%' Measurement o/ Surfree Temperalwres, D.F.Okmer amd H.B.Coats, Towm. Toduwitricl MdEnJ.C’k em

Feb. 1923,
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Theory of a Prastical Method of Ca;pration of Errors.

There are two way of approching & problem like that of sur-
face temperatures,where certain errors have to be accounted for.
One way is to eliminate the errors,the other is to calibrate them.

A1l of the methods used 80 far have been based on the ‘elimi-
nation"principle.Some are successful in this regard,with a spe-
cial class of surfaces,msmely,metellic surfaces under steady con-
ditions.

It_yas suggested to the writer by Dr A.N. Shaw of MoGill Uni.
versity,that the use of the severed Thermocouple on thecaaﬁbration”
principle,would successfully solve the problem of measuring the
temperatures,not only of metallic surfaces but moist porous sur-
faces as well.

This can be done in the following way:

A soldered couple and & severed souple made of suitable me-
tals A.&B. are soldered to a surface,the temperature of which is
to be measured.Figure(9) illustrates this themry.

The amount of heat conducted along & wire is a funotion of

(a)The area oé srogs-section,

(b)The conductivdty of the wire.

(6)The temperature gradient along the wire.

For simplicity the wires are taken all of the same cross-sec-
tional area.Hence the heat losgs. by conduction,represented.byti;de-

pends:upon (B) and (C)
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The amount of heat conducted along Ajor Aa is SA.
nooom "o " "  Bsjor Ba is OB,

IF the trus surface temperature is O, the temperatures at the
points where the wires meet the surface are less than 6 by quan-
tities proportional to JA. or 53.

i.e. Temperature at end of Agq is O~ €A, where €A. represents
the temperature change corresponding to a loss of heat of amount
o2 da.

Similarly the temperature at the end of By 180-€ B.

Since Ay and By meet at the same point,its temperature will Dbe
@ -(€A+€ B)

The couples can be calibrated by immersing the surface in an
0il bvath at known temperatures.If the constant temperature junction
of the cirecuit is kept at O°C then:-

Couple A,B, measures Temp. 0 - (€a+€B)

" A, B, " " interme&diate between
(6 - € Aknd(f—€B).
depending on the relation of A. and B. to the surface metal in the
thermo-electric series.

In very many casesmet with in practice the surface metal is
copper.lf we use as thermo-elements the metals copper and constan-
tan then,assuming B.is copper and A. constantan,couple A. B. mea-

gures temp= O -€A.
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The d#ference between the temperabures recorded by A,B, & A, B,
B . is therefore G:-GA -O0+HEA+EB)= €B,

The temperature recorded by the couple A,A, is als0€B since
the temperatures at the ends of the couple are,0-(€A+6cB)adld=CA,

In this case A, may be joined directly to A,.thvough a galva-
nometer as the surface itself forms the second element of the cou-
ple.

€B, the temperature change due to conduction along copper is
greater than that for constantan owing to the higher conductivityof
the copper.The relationship between EA,EB, and the constants of the
respective metals is dealt with under the heading of "Theoretical
caleculation of errors”.

The above method of finding the change of tempersature due to
conduction was applied by the writer,in a slightly variad form,to
the measurement of the surface temperature of liquid in an attempt
to correlate €A. and €B.

4 single exploring couple of copper-constantan was used to
measure the temperature in four different ways,The®e are indicated
in £ig.14.The liquid used was ke?osm which was heated by means
of a heating coil.

(a)couple in surface with both wires vertical,Femp recorded

is 0 - (€EA+€EB)

(b)with one wire(sopper) immersed,giving temp,O-CA as no
heat is conducted along B. in thi8 position,
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Similarly temperature recopded by (o) is é - €B,

Temperature recorded when csouple is at surfase with both¢ wi-
res lying also in the surfacez0

The difference between (b)&(d)=CA &(c)}@)=€B.

The practical difficulties met with in trying to keep the wis
res exactly in place caused gome variation from the above estima-
ted readings--conwection currents in the liquid also had this ef-
fect.

A fupther application of this method,not yet triedout,would
be to use the two Jjunctionsof & circuit in a combination of the
four methods used (@).0ne junsction &s in (&) and the other as in
(b)when connected through a galvamometer,would give & direct mea-
sure of €B.and if the junctions were placed close toghther,varia-
tion in the surfase temperature would affeat béth equally.

A large number of couples were maje and very many readings ta-
ken in the above sensesof experiments;the results of which are gi-
ven in the data sheets.Before describing the more elabvorate gxpt-
riments to whioch those already deseribed have led,an accou.nf is
given of the apparatus used in these investigations and the pre-

sautions taken to avoid spurious effects.
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Description of Apparatus.

ThermSQOuples,

As it was intended to apply the results of calibration expe-
riments to the determination of temperatures of moist surfaces,
the range of temperaturesifor which the relationship betweem €A,B,
and the true temperature was needed was from Oto sbout 20003.

Copper and constantan were selected as €lesments for thermo-
souples for the following reasonsi-

The thermo-electric power of a Copper-congstantan couple is
high (approximately 40 microvolts per degreecentigrade). Graph I
shows the thermo-electromotive force at different temperatures of
the explow®ing Jjunction for thmee widely used thermo-couples,viz.

Copper-Constantan(c);@hromel-Alumel(h); Platitum-platinthodium
(p);Graph (2) shows the relation between thermtE-electric power
'%%- and temperature for these types of couples.

For the range requira&,in this investigation,Copper-constantan
is seen to be more sensitive than either of the other combinationd

Further advantages of copper-constantan areg
(a) relatively inexpensive.

(b) easily soldered together ot to a copper surface,
(c) the fact that a severed copper &onstantan-couple soldered to:
g.éoppet eurfacsd is vittuelly a” junstior at the point of contact

of the oconstantan wire.
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(d) The thermo e,m.f.for the range Oto IOOoc,within which data
was most required,is very nearly liR€af as seen in Graph (3} .This
means that interpplation in cases when it is not convenient to
have the constant temperature junction atO'c is made easier.

Methods of measurement.

There are two methods of measuring temperatures with a thermo-
ecouple.In each,one junstion has to beat a constant temperature,
preferably 0L,

The E.M.F. may be measured directly with a millivoltmeter.This
method‘t&ﬁiﬁkﬁ in engineering practice but for the purposes of la-
boratory research it is not sufficiently accurate.The other way of
measuring E.M.F.is by means of a potentiometer.This is & null me-
thod and far more sensitive than the former.

The potentiometer method is shown in diagram(I) An E.M.F.of
amount greater than the thermo-electric B.M.F. is maintained a-
cross thse potentiometer wire.Its value is kept constant by oconti-
nual es8libration against a standard cell. The thermo-electric cir-

euit is completed through a galvanometer and & sliding contect
on the potentiometer wire.

Thus~-if & balance point is obtained at a distance of %fzhthe
lenghth of the wire from the end to which the thermo-sirsuit is

I
connected,ths khermo emd= n of the known émf across the wire.
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Constant Temperature Junction.

This is best done by inmersing the junction in a mimture of
ice and water contained in a thermos flask.To prevent strain or
ehemical action on the junetion,it was placed in a narrow glass
tube containking 0il and the tube sealed,This was then immersed
in the( ao .mixture.

The potentiometer used was a Kohlrauséh,811de wire potentio-
meter fitted with exténsyul coilsananufaetureif%heneeds—ﬁorthrup
Company.It consists of ten turns of wire wound in gi#¥es on a
marble drum,the sliding contast inside an eboite case,A scale is
marked round the movable case and the reading teken through a glass
window on which the number of turns is stated.

The scale,one revolution of which represents onetenth of the
lengkh of the slide wire,is divided imibo I0O0 parts,each of which
is subdivided into two.As the length of one of these divisiongd

I
(200 of a single revolution) is about .3 cms,the eye can estimate

it
to 5 of this smallest division i.e. the instrument can be read
I I 1
ascourately $o0 5 of the 200 th part of a turn or 1000 of & turn.

I
As there are ten turns,reading can be obtained to I0,000 th

part of the length of the wire.
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The Ga¥van®meter used was a D'Arsoﬂyalmovinﬁ c0il galvanome-

ter of about 60 ohms resistance.

The Source ofE.M.F. necessary to balance the thermo-~electro-
motive force was a storage cell of about I.3 volts.

This was calibrated by means of a standard cell of E.M.F.
I.0I83 volts at I7 C.

The stop8ge cell circuit included a resistance box and a rhe-
ostat.

The stendard cell was connected to the terminals of the resis-
tance box through a galvanometer and a tapping key.

The E.M.FP. across the potentiometer wire can be kept constant
byoceasionndly pressing down the tapping key in the standard cell
ecircuit and changing the resistance of the rheostat until there
was no deflection in galvanometer (G,). R is constant and by the
above means the potentbé@ldifference across R is maintained at &
voltage= E.H.F. of standard cell.

There is therefore,no need to know the exact value of the
rheostat resistance (%)

The results of experiments on calibration of the spparatus

are giv¥en below,
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Results of Calibration Experiments.

Registance of slide-wire potentiometer =28.133 ohms.

Accuracy with which position of sliding contact sould be read
- IO,000 of whoge wire.
28.133 = .00283 ohms.
i.e. resistance could be: read to 10,000
Resistance of galvanometer S 62 ohms.

Sensitivity of galvanometer,

Galva eter in cirocuit with rheostat,standard cell and tap-
ping key.

Voltage Of cell = I.0I8 volts.

Resi85u€8 glvo.= &L ohms.

Rheostat reading Galvo. deflection
I.I x I0 , ohms 13. 8 cms
I.0 x IO 5 ohms I4. 8 cms
Hence I cm deflestionz I.0I8 x 62 (%—‘OT#O". %mG) volts
" n " = 6,656 x I0 e volts

" (millimeter on galvanometer scale- 0.56 miero volts

Sources of Errof in measurement of Thermo- E.HM.F.

Before actual e.m.fmeasurements are taken,both junctions of a
ocouple are brought to the same tempezz¥tire by immersion in the ice
and water mixture.The potentiometer wire is left in the thermo-

el@ctric circuit but no e.m.f is applied.
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As seen in diagram (2) ,the potentiometer wire in this partiocu-
lar circuit is just a variable resistance.There should be no gal-
vanometer deflection with this arrangements.Inathermo-electic cir-
cuit however,every junction of one wire with another,as at the
galvanometer or potentiometer terminals is a thermo-couple. If the
temperatures of all junction;?%%égggngggggjbut heating of one or
more Jjunctions relatively to the others causes esmAfs,in the cir-
cuit. In general, junctions at terminal points are of copper or
brass and the thermo;electric power of a copper-copper or copper
brass junction is small compared with that of & copper-constantan
gouple.

But these spurious effects are of the order of magnitude of
the "€" quantities,which it desired to measure.

For this reasson great care has had to be taken to eliminate
these spurious sffects.The trouble is,that after testing the cir-
cuit before taking a temperature reading,the toushing of a junc-
tion,or & draught created by an open window in the vicinity of
the apparatus, introddces @spdrious e.m.&results of the particular

whick csof ben {aﬁge €?zauj7z in-
experiment. vadid. te the
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Frequent testing of the cirscuit for spurious effects is the-
refore necessary.

It was discovered that the sliding contact on the potentiome-
ter introduced a slight heating effect.

Referring to the second diagram it can be seen that if a spu-
rious e.m.f of amount €, exists in the circuit, the galvanometer
deflestion will correspond to a current=

e
= Resistange of cirecuit.

The resistance of the sirecuit includes the galvanometer resis-
tance and the resistanse of part of the sliding contact, Bxternal
9., f.s. are notancluded.

Since the resistances of the galvanometer and potentiometer
were in the ratio of about two to one,changing the position of the
sliding contact automatically altered the galvanometer deflections.
It was found that if galvanometer readinggwere taken immediately
after moving the sliding contact,they were considerably greater
than would be expected by caleulatinn from the kmown change in
resistance that had taken place.The more rapidly the contact was
moved the greater was the deflection,up to a certain limit.Also
the deflection was in the same direotion when the contact was mo-
ved in the opposite direction.This sourse of error,then was due
to the heating up of the join between the spring sontaect and the

wire.
The time taken for the galvanometer deflection to refain its
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normal value was found to be about one and a half minutes.To cor-
rect for this source of error,a short period should elapse between
ad justment of the contact and reading the galvantmeter.

Testing of various types of couples.

Several specimens of each type of souple described in this
paper,were madg,and readings of the surface temperature of a cop-
per vessel containing water at I0O0’C were rescorded.

Compared with exploring couple readings; the severed couple
gave re@dingsi0ofb to 15% higher;and the soldered cOuplelboth wires
togethef]recorded temperatures from 5 to I0% higher.

It was 2lg0o found that severed couples showed much less,varia-
tion,one from another,than did ordinary exploring couples.

The experiments on a healed copper vessel were useful for
comparison of differens types of couples,in that they could be
carried out quickly,and allowed of a large number of tests of new
couples to be made.They were not sufficiently accurate however,

for determinations of the heat losses along the wires.
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Application to moist porous surfaces.

The differences between such & surfece and a metallic surface are
(&) much lower heat conductiveély.

(p) * " electical "

(e) ePfect on surface temperature,of heat energy changes in the
process of evaporation.

The objestions to the use of the various types of thermo-cou-
ples for measuring the temperatures of metallie surfaces have
8till greater for@e when moist surfaces are considered.
heégaigzconducted alang the wire from a point on the surface is
to some extent replaced by heat conducted from the surrounding
portion of a metallie surface.Due to the lower heat conductddity
of a non metallic surface,the resulting loss of heat will be re-
latively greater.

A compensated couple is of no use in this instance because
it shields the surface from evaporation.

Consideration of the possible means of solving the problemt
leaves no doubt that a form of the severed couple: is the most

hopeful of sutccess.
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Diagram (3) shows how this esould be done,ébnstantan and oop-
per wires soldered to a copper gamze,the latter emb&dded in the
surfece have the advantages of?-

(a) providing a oonstantan-copper junction at the point where
the constantan wire meets the surfsace.(b)The gauze having much
greater conduotiﬁ@Ythan the material it is imbedded in,would raise
the temperature of the Con-copper junction nearer to the true sur-
face temperaturs.

A simpler procedure is to follow the method described for
calbrating the heat losses from thermo§coup1e wires in the sur-
face of a ligquid.

Temperature gradients in the wet material could be found by

using a series of thermo-couples as in diagram(4)
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Relative sen®itivibbeof different severed souples.

The results of the experiments on the brass bar,with its ends
at 0%I100°C were ¥m@onclusive as regards values of €4 4€4..This
was due to the extreme difficulty of keeping temperature condi-
tions,absolutely constant.

They showad however that for a severed sopper-constantan cou-
ple solderedﬁv‘brass,that the constantan junction determined the
gsensitivity of the souple.Different constantan junctions differed
with respect to each other by about I% in gensivity but the sen-
gitivities of the junctions formed by a single constantan wére
with several copper wires were the same.

To test this more aocurately, the bar,with two constantan(ﬁhd
two copper wires soldered to it,was immersed in a tank of ice
and water at 0°C.Each couple was in turn connected up with a
constantan-copper junction,kept in a thermo-flask containing hot
water.The water sooled gradually. It was desired to find how the
readings of the different couples waried as the temperature of
the junetion common to easch of the combdnations,was altered.

Disgram (3) illustrate® this.

In order to compare couple A'B1with A,etBe: for instance,sin-
ce the two readings cannot be taken simultaneeuslgx,it was neces-
sary to take readings with an ordinary oouple"S" in oireuit with
the cooling junction,before and after each severed couple reading,
The times at which the readings were taken were notei.&ctually
each scale reading given on the dat@ sheet is an average of six

consecutive readings.
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The time ,recorded is a mean between the times at which the
Ist and 6th reaedings were taken in each case.

The potentiometer scale readings for each of the couples wewe
*9 plotted againat the times at which the readings were taken.

A ourve drawn through all the point for the "S" couple repre-
gents the way in which the temperature of the ecooling junction ehan
ges.

The points on the graph for the different severed couple rea-
dings are near this comparison curve.Points below the comparison
csurve indicate that those particular couples were 1€3s8 sensitive
than the "S" couple,and points ahove represent more sensitive
couples.Graphs(4)&(5) show the relative sensitivaties of the dif-
feren® couples.They indidate clearly that the constantan-brass
junetion in a severed couple of¢;¢nstahtan-brass-copper’aetermi-

nes the sensitivity of the couple.

This holds also in the case of couples soldered to a copper
surface.

The assumption that the temperature recorded by a copper-cons-
tantan severed couple soldered to a copper surface,is very nearly
equal to the temperature at the junction of the constantan wire

with the surface,is therefore justified.
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QENSITIVITIES of SEVERED CoUPLES.

FirsT SeRriES of READINGS.

Cireuil Consf'a?zl‘s : R=5000 ohms
E=1-018 voltS

Couple. |Avetage Smfini Avetrage Tiryjje?aﬁwﬁ Time
8 55993 s, | 4. 313 pm. O mins.
AB. | 55360 | a4 5
8 54928 L. k0% g
AB. | S4h4ra b 44T /3%
8 54028 b 48/ /6 Y
ArB. | 54003 4524 s
S 52583 4. 584 27
"AB | 52337 5074 35 %
S 5/535 410 % 37 %
Seconp Series.
Cireurt condtanis Same.

[’_’Qgéle | fugScale Read | v Time Relalive [Zme,
S 48950 Lutns 5 1% . 0 mins.
A8 4-9683 8 /4% 3%

3 l§438 517% 6
AiB. | 41652 st /e 74
S bovhas 529 % /8
AaBz | 4 7623 $732% DA

S L6760 535 23 Y
A B 47167 S.377% 264
8 44500 540 294
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The Construction and Tegting of a Hygrostat.

One of the tasks undertsren in furthersnce of an investigation
of hygrossopio problems was *the sonetruction of a hygrostat.

In order to obtain moisture eiiilidbrium cnrves for various subs
tances,it is necessary to have some means of ~eeping them at a sons
tant relative humidity for a counsiderable length of time.If small
amounts of material have to be dealt with,dessicators containing
goiutions of Sulphuric acid of different astrengths may be used
for ‘this purpose.

Solutions of certain salits have the same property of meintai-
ning,in an enclosure at & 2srtain temperature,a constant relative
humidity,tha value of which depends on the strength of the solu-
tion.Caloium Chloride solutions are very suitable for such purposes
ag the range of humidities it Is possible to obtaln with varying
sonaéntrations,is very large,

Por this reason and aiso for the purpose of inve~tigating the
influence ¢f air currents on the raote of drging of sampies,the
hygrostat set up at *this ‘aboratory was constRucted on a fairly
large scale.

The Department of Mines,0ttawa,was kind enough to give us the
main structure of a hygrostat which had been used for coal humidi-
fying tests,and o ainiiar method of humidity eontrol to that used
at Ottaws -with sonme modifications,was constructel and inatalled

here,



Specifications of the Apparatus.

The diagram shows the apparatus as finally constructed,drawn
to a seale of one to ten.

It consists of & chamber into which trays ho!ding materisl for
tests are fitted;~ metal flue through whish air currents of dif-
forent velocities oan be pnssed,and a fem to create the draught,
the fam being driven by a motor from outside the sireulation sys-
tem,

The relstive humidity within the hygrostatisietermined by the
strength of a solutions of Caleium Chioride,This is fed %o 2 con-
tainer incside the fiune and from thense down a number of piedes of
lamp wick.The air inside the hygrostat sireulates contimually through

the stripa of wetted wiceks and thus is humidified to the degree
desired.

The Arying chamber has = voiume of between four or five oubie
fect ,the mdial f ue is about eight inshes in diasmeter,ani the
heignt of the hygrqsféf;gxé;ﬁéi#a,pf the Caleium Chloride reser-
voir is sixty-three inches.

§p0 wquing of the apparatus depends on two features,viz

"Thé ;ié-;i;oulatbon.“anéﬂkhe method of humidity ceontrol",

The =zir esirculation.

This part of the system was completely re’esigned and a more

powerful motor installed,

The motor is a direet ourrent WingSeruplex of one eighthh,p.
Voltsllb;Amps.I4;Revs, I750;0btained from the Fing manufasturing

Cosof New York.

At Ottawa a motor had been instalied inside the apparatus in

the gseotion which is now used as am auxiliary drying chamber



3

(marked (d)in the diagram}Due to the unawoidable splashings of
Caleium chloride solution drying out on the motor it wus rendered
ugeless in 2 gomparatively short time.To avoid thia trouble the
new motor was set up outside the hygrostat and the fan (¢)was dri-
ven by means of a driving rod,passing through the wall of the ap-

paratusg.
The bearingsin which the rod was held were oiled through a tu-

be which aliso passed through the casing.

The motor was driven from the lighting eirecuit (IIOvolls) and
its speed controlled by a rheostat,attaghed to the gsupports of the
apparatus.

Humidity Control.

A large "inchester bottie piaced avove the drying chambexrgserved
a8 a reservoir of Caleium Chloride solution.This flowed through a
gyatem designed to prewvent flooding to 2 beaker inside the verti-
gal section of the flue.The system devised for preventing Tlooding
is illustrated in the right hand side of the diagram ,

It is entirgly new and can eusily be adapted to sontrol the
flow af.solution to another wiek system in the hygrostat if much
is constructed.

A segondary reservoir in the shape of & .ong glass eylinder(4)
is fed from the main reservoir,the fliow being controlled by a slip
over = rubber junction.A tube passing fromBlto a eollecting jar
prevents the leve: of liqiid in@from rising above the level of the
of the end of the %tube,which is adjustable.,The solution is giphoned
fromflinto the beaker(Bwhere it cannot rise above the level in@\Nine
strips of wickCheld in the besker by a lead sinker to which they
are.attaahed,pass over csorks on theé: rim of the beaker. These take
up solution by cupillary attraction and thus bring it into sontast

with the asconding stream of air.
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The liquid is recovered by means of tha+raﬂﬂanﬁ vesselﬁar

Commersinl Caleium Chloride may beused for making up sosutions
provided it is partiy freed from impurities.This san be done by
allowing the solution to stand long enough for SCUM to rise to
the surface and heavy material to settlie to the bottom .

The resulting soiution, siphomed from a point at half the depth
is very satisfaotory.This is important becauss if dirt is allowed
to settle in the wielkg,the power of sucking up solution is gra-
dually lessened and remne@wal of the wicks becomes nesessary.

Testing of the Hygrostat,

A hygro-thermograph was used to test the hygrostat.The records
were complete in twenfy four hours.This instrument was calibrated
before hand and the graph drawn illustrates the degree with which
it agreed with reaiings taken by o thermometer and Assman Psjchro-
meter.The tempersture surves follows the true temperature fairly
evenly but the reiative humidity record varies slightly.

A solution of Calsium Chioride of Specifio Gravity I.3 was made
up corresponding to on equilibrium relstive humidity of 60%.

With this sointion and siightly etronger onefggiving a lower
value for the relastive humidity,satisfactory tests were obtained.

This was during the early fall.later on dhder winter sonditions
the relutive humidity recorded in the hygrostat fell short of the
estimated value by & considerab.e amunt.

Inoreasing the rate of flow of solution corrested this defest

to some extent but examination showed that 4t was due to two causes,
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One was the effeat of small leaks in the apparatus whish re-
mained undeteoted when the room humidities had‘been not very dif-
ferent from the humidity: in the hygrostat,In midwinter the room
humidity averaged I5% so that when humidities of 60% or more were
attpmpteﬂ in the apparatus,ezshange of nir between hygrostat and
room made a greaster difference.

‘The other cause of lower readings was the greater rate of
abﬁérptien of moisture by the wood of which the drying chamber was
muade.The interior was thoroughly wettel as s test snd shumidity re-
gordtaken immediastely afterward showed how rapidly the wood absor-
bed the moisture.This passed through the walls under the influen-
ce of a humidity'graﬁi@nt of 60% to I5% and evaporatel into the
roOm,

Although sareful sealing of JoIN§ in the structure with wax
and paint have eliminate% the former source of error,it is felt
thet entire resonstrustion of the drying chamber with metal inte-

rior is necessary,This will be dome at the ear:iest opportunity.
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The Relation of Indoor to Outdoor Relative Humidities and the
determination of a Correlation Factor between them for certain

periods of the year.

The more recent papers appearing in textile journals have stres
sed the important influence of humidity conditions in the making of
different fabrics and on the fading of goloured materials.

Fading,whidh at one time was attributed solely to the effect
of exposure to light,is now known to be very largely dependent on
humidity eonditions as well as ligh*t exposure.The papers on this
gubjest published in the Reporits of the British Hesearch Assocla-
tion for the Tollen and Yorsted Industries in September I927,pro-
ve sonclusively that fading of fabrics inereases as the re.ative
hamidity increases.

An exampie of fnding of the dame materini unler different re-
lative humidities.tawen from the above mentioned renort is shown
in Graphd.

Experiments were carried out in England and in Indis to obtain
the data rejuired =ni practisally al.i conditions of Relative Humi-
ditv,temperatare,and iight exposure ocouring in populious centres,
obtained at one or other of the testing stations.

FProm sugh dsta menufacturers oan submi! samples of goods in-
tended for a certain climate to tests at a laboratory,where the
humidity snd 1ight exposures of the particular climate can be re-
produced.

For this purpose tables of average nmonthiy relative humliities
and temperatures for places distributed allover the globe have beer
compiled.A point that struck the writer concerning the utiiity of

gush tables for fading test purposnes was that the humidity vaiues
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given for certain piaces were consiierably different from the a-
verage humidities to whisch fabries wouid be exposed in practice.
For example,the figures given for l'ontreal were:-

Jan.Fob.ﬁar,Apr.May.June.July.Aug.Sept.ﬁot.Hov.Deﬁ.

Rel,Hamidity, 83 82 78 69 65 70 72 73 76 6 8l 84
Tenperature F, I3 16 25 40 55 &5 62 67 59 45 32 18

mhese values are for out door conditions,

ow &8 far as olothing,furnishing fabrics etc,are conoerned,
the indoor oonditions of humidity ani températnre are the more im-
porfaﬁt.?he average person,especialiy between llovember and April,
spends a very iarge proportion of his time indoors,and oclothes not
asctually being worn are of sourse exposed to indoor sonditions the
whole time.In HYontrea! during the winter,most people speni at least
three quarters of their time under indoor conditions.

In a more aeven climate 1like that of England,the difference bet-
weeﬁ indoor and outdoor humidity oconditions is not great,but in
éanada,&uring the winter,there is & very great difference,even when
some attempt is made at artifisial humidification.

%ith the ides of finding a correlation factor between indoor
and outdoor relative humidities,indoor temperstures and relative
humidities were recorded each day for a period of a mo~th in mid-
winter and also for a month in the spring.

One of the research laboratories of the !macDonald Physics Buil-
ding was used for this purpose.Two people used the roonm regularly
and as the door was near.y always open,the oconditions approximated
to an average interiors without artifiesial humidifisation.The cor-
responding outdoor temperatures and humidities were obtained from

the University Meteorological Observatory ciose at hand,
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Graphe II and IIT show the variation of bo*h indoor anl out-
door reletive humidities for the months 0° January ani April.

Since the relative humidity depends on both the abso'ute hu-
midity and the temperéture,tho gabove ourves are real:.y func'ions
of two varisbles,

These variables have not the same values indoors as outdoors
80 in order to compare humidities in thé two cases the tenperature
variable must be ciinipated by reducing outside corditions to the
indoor temperatures holding at the same time.This method was adop-
tea because the inside temperatures were far more eonstant than
thoge ountside,

This wags done by caleulating the outdoor absoiute humidity from
the butsiﬁe vaelues for teﬁperature and relative humidity.From this
absolute humidity the equivalent rela*tive humidity at the indoor
temperature was found.This may be called the equivalent indoor hu-
midity.

Por exampie the readings for January 20th were:-
P.T.0.



Temperature, Rlelative Hnmidity.

Outdoor 220F 79 %

/

Indoor 690F 19 %

From psychrometric tables we have:=
Saturation vapour praessure at 22°=0.II3ana.
Saturation vapour pressure at 69°F=0.707ams.
These gorrespond to I00% Relative Humidity at the above temps.,
Therefore the astual vapour pressure at 22°Fand79% R.H.

20,I113x79 s0.08%cms

I00
A vapour ressure of 0,089 cms at 69°F is equivalent to a
relative humidity of 0.089 of saturation or I2,6%
040

Graphs I¥ and VI show the variation of the indoor relative humidity

and the equivaient indoor relative humidity eg defined above,for
January and April respectively.

Graphs V and VII show the indoor and outdoor temperature variation
for the same periods.

The ratio of the indoor relative humidity to the eqaivaiant
indoor relative humidity at sny time may be e¢alled the correlation
faator between them.

GraphsVIII shows how this factor varies with repest to the e-
quivalent indoor relative humidity.Values of this factor obtained

in January are marked as dots and vaiues for April as crosses.
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It was found that forf?élative humidities,the correlation fae-
" tor is large.The resson is that at low humidities,the effect of
the moisture evaporating from people or from hygrossopic materials
present,is in proportion greater.As the re!ative humidity increa-
ges,this faetor gradunlly approches unity and in warm weather,when
indoor temperatures are sometimes iess than outdoors,it becomes
less than one.

To find the degrec to which the presence of peopie influenced
the indoor humidity, a test was made in a large laboratory when a-
bout ninety students were present.The windows were open and there
wag free circulation of air as in the smaller iaboratory,while the
temperature was about the same.The relative humidity increased by
about 8%5.Conditions in leasture rooms where the students are more
numerous in comparidon with available air space,are more extreme,
but for rooms where a few people songregate and the air cireunliation
is moderate,the correlation eurves found are probadbly typiocsal.

Comparison of average humidities for the winter months, taken
from the meteopologiocanl tables for lMontreal,with aegtual indoor hu-
miditien gives,

5var&ge Temp.liov-larch ineinsive=20°F,

Average Rel.Humidities "  =BI%

Therefore average Abgolute Tumidity=8I »I026 (dat.Pressure

- I00 20°F=.1026,
Average indoor temperature=68°F,

Average Fquivslent indoor humidity=8Ix.I026=I27 (Bat.press.
0684 68 °F=0:684




On teference to curves for the correlation fastor it san be
geen that only on the coldest days does this fastor reach the va-
lue two.0n the average its value for Novellarsh will be less than
two so that the actual indoor humidity worked out on this basis wil
not be greater than,

124 x 2 = 24%

VIt ig not too mueh to say that indoor: Hﬁmidities for the five
months mentioned are not often above 30%,and that the average is
probably nearer 205 for buildings without humidifying devieces,As
a surprisingly large proportion of private residences as well as
large buildings come under this category,the drawing of attention

to this point will prcvefﬁae.
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