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Summary.

Part |. Source%(ﬁ Error and their Correction by the Variable Path Length

Absorpt
tt

The absor tion spectra of pure
been culiar to. the. instrument employed eir_determina)
IS ade in this_paper to ev such ors as cell zerp, eef ect
ca ered radiagion of short wave-lengths, an evartatlonso a sor
WI orhl ena

#ECI 0? I:eenﬁsov?n athe Igf? trl?j tﬁ gS a%;n a %0“ CEﬁﬁvgp gtsrlas in-l he ade

ta%e? éJSIng varia IC or'this purpose are

Part [1. Application of the Variable Path Length Absorption Cell.

The appljcation is dlschssed oFa variable thickness absorbing cell to the
é SIS. 0T mixtures contajnin fve froc 0

J]nhfeanhee cth(ﬁt]ﬁapaét nlnvowhg hehcorrec ons da ?crl A
Isgiven |n detal] dumertca exampl€ of the application of these corrections
iven as an Appen

PART 1.—SOURCES OF ERROR AND THEIR CORRECTION
BY THE VARIABLE PATH LENGTH ABSORPTION CELL.

hn recent years tg ?emands on the petroleuml du?try fgrspeual (iducé
av% necesshate closer control oft e methods o 5) uction e
[nt ela st resort thls coh trol must dﬁh W%iont e analyses of eProducts
the analyses r% uwe gi not so much accordin to molecular t ge as
accordm% to the Ing IVI ua comt%onents Present he fact| that spectro-
50 tcm thod grovt eamean prlntmg "molecules, anq' hence
B[ met fanﬁ SIS, as beenknown for' many y%ars and in.the
tra- VIO t region 0 Bectrum suc methods have” been used |n a
uag titative malmer The use of the ultra-vio etr egion, however, Is
g to the analysis ofaromahcsa dcort unqate% es, since the tPara fms
h naphthenes do not s owan sor In the read acceﬁsu a%
yltra V'ﬁ et waye-lengths. ~TNis JS very convenient, In thaf t g T S
and naphf) enes do not ﬁause Interference with such aromatic and olefine
analyses, but to re ovet e |m|taHon reco rsemust e had to the infra-red.
nthts region oft P ctrum all types o Pe Irocar ons absor radiation,

rocarbpns ubllshed hltherto have

%t at, If% rder to avo tOO reata com |nt € ansorp gon sg%ctra
obtained from mixtures, it I ecessa (E qum ero [
Eﬁg]l?]?neﬂts 0 Seven or e| t Uﬂl the utra -violet re IOH

éHOWQVE
Bihih

ra-red_has not ed quzgttltatlvely until recently, ¢
y any o

f0 the experimental fICU les. " That these are, or have eeB
1S relfiec ted 1n the a sence 0 a standard type of spectrometer
well-known instrument-makers.
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This has had the result that each rgsearch worker hai]burl t his sgectro
meter accordrn% tg IS own |deas, and In consequence the spectra re
nt)terras recorded are Feclear fo the r strument, ysed wrdth reﬁ;ard tot

sorptronrntensrtyscae though not, of course, wrt regard to the positions
of{ eab orption maxima on the wave- Ienoth scale.

ependence of absorption Intensity on the instrument used is
marnly due to the following factors —

8 ) Cell zero error, Absorﬂtronb the cell itself has the result that
1 per cent, transmrssron IS oto arnedfat zero thickness of abs(orb
Iagler and full compensation for this effect cannot be obtained b
u fa bIank cell or com ensatrn% rock-salt plate.
hb(] Effect of S |t]wrdth op measureq optical densrty This, is de-
nt on the shape of the absorption bhand under investigation
on the |nftrume t characteristics.
c) Spectra |mpurrty at any wave-length, i.e., scattered radiation
in the instrum
d Posrtron ofthe absorption cell in the radiation path.

The exjstence of these factors has been recognized in the past, byt verg
little publrshed work has made any attempt to pH t them on a quantitatiy
basis.  Two of the reasons tor this have been'the absence of a varjabl
thickness absorptron cell ana he fact that the thickness of the fixed ceIIs
used |nmanyc 5eS as ot ee own rt(h reat acc racy

Another weakness o aq Wor eriving. from xed absor[otron

cells 1s that these virtu enforce the assumption of a |near refatjon
betweeno |caI densrg/and thrckness of absorbing la er This rnearrdy
r, has now eenfound not t h [d for man rurs

as rss ow rnt rsgaﬁ
The sum o these Ihdjvidual errors is |ke%to be large, and th presen
work has set out to evaluate and remove the

Apparatus.

The absorptjon cell, which is of a contrnuouslg varrable thickness type
hag been described elsewhere (J.. Sci. Instr., Janu rX P

The infra-red spectrometer used was desrgned and built in the research
laboratories of th An%lo Iranian OrIComP y at Sunbury-on-Thames, the
basic optical part being a Hrlger D88 infra-red spectrometer.  This was
emove from the tripod as nofmally supplied and bolted to a heavy base
ﬁate of | Inch steel, 3 feet X 17 imches X 2 inches. Under this atea
eater made from 24 feet of 24- gau e nichrome resistance wire Is mounted,
the heatranr current being contr [led by a himetal strip close to. the, prism
Thrs maintains the prism at a constant tem erature S0 elrmrnatrn the
small chan eswrt egtpera ure mdt eap are t wave- ensgths of absorption
ma |maw Ich een observed In ea lier mstrument

esource of ra iation 1s the usual Nernst filament, and this has been

Bvﬁ eh Inside a water- cooladg cket}provrded with an opening, in front of

Ich jS mounted a sprin ed shutter
Rad |at|og from the Ner fst falls onac?r]cave surfac, ealumrnr%ed mirror,
10 cm lameter and of 70 cm foca ﬁ” th. This mirror focuses an
Image 0 the Nernst on the entrant slit of thespectrometer.
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Imm dra ehf in front %f the entrant slit the variable cell is mounted on
movanle trall ey together with a plane piece of rocksalt, so that either
r] “)Iaced In ront of th(f sIrtb mo n the trolle thrls eing cor]
tro compresse arr an vacuu purposeo the plane rocksalt
plate 1s 0 compen \ for the loss.of radratron by reflection from the face
of the absor a ce I}us allowing_a true measure to be made of the
amount of radjation beofe absorption occurs. The arrangement also
?ﬁg\t/rel?mteomelrmrnate the effects ot atmospheric absorption” within the
The apparatus for amplifying the thermopile current is of the_conven-
troEthvryrrn photo-cell t yB Y gphotographpof the spectrometer is shown

Experimental Procedure.

When the absorp jon spectra of the individual pure com onents of a
mixture are e>f<am|ne It s ob erved}that certain bands %fa v?rl en su shance
stand clear of those due to the other com onen ave- eng
the maxima of such bands are referred to a " Wave- en thaf r that
rart}rcular ﬁom ponent. The ex enmen tal proce ure fonsrg efermin-

r each component the optical density_at. the select ey " wa
ﬁg s for the nﬂxture hein panaﬂ d] y%s rocedure IS re eated ¥or
%s rles i)f threknesses of the abso brn Ia¥erforfz%ch component, ﬁn from
the results calibration curves ar IC ness

ofoptl
Once these ¢ rveﬁ hﬁve bee o tarned the %%I? Ih
be analysed, the thickness 0 zir orbrng Tyer Erngc 0sen so that the OJ
ab sorp 10N peas give op trca ensitigs etween the values 0-20 an

ese [imi en since the acc‘grc of determrl*nng

ensrt ainst't
g\llt he sam 6 {0

gtrcal| ty fa fs of? rarb hoth above and below these values. In
H ner Egv rocarbon a aly e% thicknesses of 0-114 mm. and 0-216 mm.
reasveeC |$/e und satisfactory tor major and minor a sorptron peaks,

fhe sou¥ces of error enumerated above are then dealt. with in the
following manner.

() Determination of Cell Zero,

In order to compensate for ener Iosses by reflection at the absorptron
cell e rP tes, foratmo enca rP dn in"th ernstrumen d or Iong
wave v&n abaor?tron \(roc salt itself, a rocksalt cogr ensarn,g m
H f would enable the ener%transmrtte a[
afongnd Its fiquid to be exactly corrected to that transmitted bythe |qurd
This compensation caBnot of cour(fe be made exact, and if it could
t eexactness COH e maintaine

n‘ to the slow deterioration oJ
Locksat wrn ows of the absorption cg This det erroratron IS caur

the action of atmospheric mol ure an @/t e action ot moist samples,
tese causing the windows to In the' course of time. It Is of no

* The optical density is defined as loge  where 10and | are the intensities of

the incident and trﬂ]nsmitted radiation, respectively. In practice it is more usual to
use common logarithms.



194 GORDON AND POWELL : HYDROCARBON

advantage to re lace the compensatrngtplateb a second ceI filled with a
non- bs rﬁrn&;| rw d to co he trarismission wri that of th
samRece esame since the amount of ht cattere
yt e sli ty 0 gdwrn ows oP he lat tererIstrIInave s fec

Two méthods of determining tne Instrument zero have been em loyed.
In the first method the cell is filled wrth a non- absorbrng liguid nd the
zero error recorded asapercentageo th eenerg transmrteﬂ X
Pensatrng plate. For this P]urrr])ose carbon tetrachloride, whic has een
ound to have no absorPtro thrckne?sesu pto 1-05 mm at

been used for the shorter nf]ave end B srr)ect[]um and %cro
Pen ane the absorption_of which is neglr ginle Ickness 0 014

n the 10-7'y. region.  The secopd m&thod is.somewhat more laborious,
and 1s used onI as a i)errodrc check on this first method. It consists of
determining the olptrca densjty at a peak of absorptron for a serres of cell
thrcknesses %refe ably on ab nd which is known to h ave a neaay linear
re atronshr etween “optical ensrty and thickness, the ontrca ensities
berng ca cuaed assuming hh the transmrssron through the cell is 100
Per ent, of that throuPht e compensatrn?dp .1t is then found that
he line so obtained cuts the axis ofoptrca ensity, the percentage trans-
mrs lon corres orWng t]o thrsbbernP the cell zero.

These two ave been ound to give the same result to within
1Juer cent, In transmjssion. A confirmator #)ornt is that when the curves
of transmission against wave- Ientgth are corrected for this zero they do
not cross the line 0f 100 per cent, fransmission.

This process of zero detfrmrnatron IS carrred out week% durrng rout |ne
work,. @ check on the cell thickness b ernr% obtained simultaneusly by
choosing another wave-length where there is an absorption band.

Effect of Slit Width and Spectral Impurity.

|t was obseryed during the course of the work that the calibration curves
of thickness of absorbrnngaterra aﬂarnst optical density showed a very
ronounced curvatur oreover, the curvatyre was not upiform, hut
e L S R P M BT
hrs% havr ur can eascrr% dto the |anuen eo twoggctgrs S?ItWI(?tsh
and Spectra Impurity. o
(b) Effect of Slit Width.

This may be explained as follows. When the degree of absorption is
hrdh the ah/sorptroﬁ %and IS wide dhasacom ara?ve? flat eaE which
fills the whole of the slit.  The ansorptiop js then moré or I ss uniform
across] the whole sIr As th thrckness of absorbrn materral 1S reduced,
the shape of the absorptron and 8hanges and e]gar S to sh ow g definite
Beak At a certain gornt Pen Ing on the shape of the absorption
and, the slit width becomes elﬁ |ve3/ grreater than tt\e wave-band at
the eak of absorption.  When this occurs, since the slit transmits not
truI %)chrom tic radiation but a s II ranr%;e of wave- Ien%hs the

0bS rve sorP ?n decreases more rapl P/ %ore since
wave-length is truly at the Ereak of absorptfon,_and the other trans |tte
wave-lengths are absorbed to a less extent This causes the line repre-
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WAVELENGTH
Fig. 2.
COMPARISON OF WIDTH OF ABSORPTION PEAKS.

QAS PRESSURE

DENSITY

OPTICAL



1% GORDON AND POWELL : HYDROCARBON

%%WQ& change of optical density with change of thickness to become

This effect of band shape op the curvature of the calibration curves ma
be est illustrated b ferrm to T| S, 2 and 3 and the correspandin
calibration curves | w Ich gbsarption bands due to methane 77£
Isobutane (8-58 p.), n-butane (10-34p), and trans.-butene-2 (10-35))

Fig. 4,
EFFECT OF SLIT WIDTH ON OPTICAL DENSITY FOR 8-58  BAND OF 150-BUTANE.

shown. These curves show that the narrower the top of the absorption
banﬂ relative to the sHt wui B the greater the curvature observed.
This curvature of the calibration”curves Is an experimental fact wime

cannot be eliminated, since the use of slits.so parrow that the above eftec
woqu be nerﬂ ihle wour]d reduce the avalf%Pe energy to amounts wmen

Cﬁu|d g(%t tf)ameasured with arpl/ accuracy. The effect can, however, be
e quoarntY ?l?/ejseef?ec% o |t?N|d€h on optical density has not so iar



ANALYSIS BY INFRA-RED ABSORPTION. 197

een ?scertalned on the ins rment d? 3r|bed abov? but F|g 4. shows
the effect on a sp ecﬁromftero entical desig nusg or 9as an KSIS In
F*g 4th% horhzonta scale representit esld idt h” terms of t eranﬂ
0f” Wave- engts transmltted as calculated from t (h;eomeh

spectrometer. The ex erimental accuracy In determl In OPtlca
density 1s 0-005, and 1t oIIowst at to mainftain this accuracy in the range

4 5 6 7 S S lo Il 1z 3 14
WAVELENGTH (%1)
Fig. 5.
PERCENTAGE SCATTERED RADIATION V. WAVE-LENGTH.

of the band used for |IIustth|on %sobutane at 8-58 g) the slit width must

notv r more than the pre ent insgrument this corresponds
t0 a %ergnce of three 8|v3|ons on th% slit W|dt¥1 scaﬁe seven [)em% the

normal scale reading In this range of the spectrum.
(c) Effect of Scattered Radiation.

This effect arlies from the fact that when the prism is set |n a position
to transmit the longer wave-lengths, the radiation actually falling on the
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exit slit mcIudes small propaortion of radiation of short wave Ien%th
$1 - l) whigh has been scattered wnhmAhe Instrument—e.q e

eflections In the H This scattere ra(flanon IS a groget y of the
spectrometer rather than of the absorption cel sothatthe untreceived
?I%r}he thermopile at a %wen wave-length s the same whether the absorp-

cell or the plane rocksalt plate is°in the radiation path. While the

Fig. 6.
EFFECT OF CORRECTING FOB SCATTERED RADIATION. #-HEXANE CALIBRATION
CURVE AT 13-80 jU.

actual Fmoun t of this s%attered light is ver){ small, |t% effecé %n be con-
i er?be ownlg to. Its g Y conten e observed absor t|on
therefore, is false, smce Inci e radlatlon includ e? some wave ths
w]lch are not abs%rbe wn figure for the Ptlca ensn owe than
the't 11 |(1]ure % JIS scattere ra atlon re f ereBt
wave-lengths may be termln% using_large thick nesg 9 absor
Ing materfals. Anyradiation then transniitted as measured by the'galvano-
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meter deflecttons is taken as false energy The materials used to determine
hhe scattered radiation were aehexan ang cZohe>§ane for the 7 X region

enzene for the re ton roun 4 exane for 11 g, m-x fene and
re- hexane ?ort ere%ﬂ etween 1% gqt % n. g y
aton

lg?ra h of percentage scat ered ainst wave- Ien%th d terrﬂlned
byt roce ure illustrate |nt \)n en IS shown In smg
ed
tor S at

eotjca ensit obser t any_wave-Jen th| correcte

eredI radt flon to gtveythe frue vaﬁue yTWe eff ectgon the cat ra-

tlon curves of making this correction at each th Lc ness ts Il u%ttate In

6 tor the re- hexae and at 1380H' [t can be seen from. this curve

t t]b y ma mgt IS ctorrecttondt ere will be a considerable gain in accuracy
e-upper region ot optical density.

(d) Position of Cell in Radiation Path.

tis |mﬁortant that the absorP ion cell should rﬁ urn to exac I}/ the same
osmon the path. of the rad atlon otherwise there is no ﬁeralnt th aA
e Instrument zero is the same.  In the present apparatust IS IS ersure

by making the trolley carryin t absor tion ‘cell and compensatin
Vate %s a swnch ybetwez ?txette stop s Eonnectet! In series Wwith. tw 8

act
Enot |9 hts OQ “ated from a 4-volt trans; ormer nless the pilot lights
re operain no (_za vanometer readings are taken.

It is also a}dwsable ﬁlace the absor tion cell ?]o tha]t it is always
orient the same ma r |n th e ra |ﬁtlon path. This precaution
s oul eta en on account of the fact th af re is a temperatu er%radtent
Irom the hottom to the top of th ernst llament source. From easure

eN
ments with an optical pyrome ter th 518 esttmated to be equivalent to an
energyV(Yn%rencepo fdt%/r cent, in ou |

PART 1I.—APPLICATION OF THE VARIABLE PATH LENGTH
ABSORPTION CELL.

The Problem of anaI |n[q mixtures contalntng bfnzene re-nexane
meth3/ cgo eygentane and|2 2-dimeth Fge” ne Is treatﬁd
m ea| eow T ssential pre Iminary was to decide on the
best ave en ths for the analyses, and tnts Involved the detﬁ -
minati on tlon spectra of the pure hydrocarbons over t
Wave-leng ran e
Table I.
Physmal Properties of Hydrocarbon Used.
B.P., i
Component. I | . Bank Puty,

W, G W R Y

The h5|cal ro rties of the majerials used are given in Table |, the
h p “y corrected gor the sources gt error discussed |

absorptl
Part F %etn S own InFigs. 7-11. These curves have been determtneg
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Wave Numbers n cm
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Wave Numbers n cm
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using. an ahsorhjng.layer 0-114 thick, but analyses have been carried
1 e S A y

out dlso at a ce
Re ferrm\% Q the hydrocarRons Ilsted in Tzible L and the transmission
u es o In Figs. 721, the ™ key ™ wave-lengths for mixtures of these
B Jene Hydrocarbon. KeyWave-Iength (n).
n- ex n 13-
et 3/ ntane 10-5.apg. 130
elcytlapentane fgfé
pentane .
5070
0-0z 0-04 0-06 008 0-10 0-1Z 0-14- 0-16 0-2z
CELL THICKNESS N
Fig. 12.

OPTICAL DENSITY VS. THICKNESS POB METHYLCyC?0PENTANE.

The fi ure btained for the transmission at each of these wave-lengths
are correct dsforceqrﬁero and sca Atereéi adiation as described |n aﬂ

andacorrecte optic nsity deau see examq In Appendix).
resE Its o{ re eatnﬁ) this procgdure Tcor a Series 0 ﬁmknegges are shown

105.
Computation of Results.

The fact that for man hydroc%rbon liquids the reTJatt)on Between oIpmaI
density. at a key ' w ve eng ang { |c ness. of apsornin IS a
curve,“introduces %ceram amount of difficulty into the computation, jn
Rat it 'f not ossinle to useﬁ a/stem of s utheous e%uatlo 5t0 obtain
aerféh(ell %rtll% sis.  The method adopted, theretore, is that of successive

Er ecorrectep %asured optical densitigs, ang the ro rJate
fra sm|ssmn curves for the pure comgonent FIC tWJI TS
} n the simplest case that at one wa component Is resp nsi

ost of the absorption. ehlrs ?pro Imagion we assume that. ﬁ
the absorption at this wave- Ieng 1S du s hydrocarbon, and using
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|13 M
//
/
/
/
/ /
| /
/!
/ WEj-50
/
/
//
T U
™y i3~C
d " 0-02 0-04 0 06 0-08 0*10 0-12. 0-l4v 0-16 0 »6 0-20 0-2? 0-24
cell thickness im -hv.-to..
Fig. 13.

OPTICAL DENSITY VS. THICKNESS FOB. 2 : 2-DIMETHYLPENTANE.

T 1
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UM 0-06 006 0-10 012 0-1A 0-16 0-16 020
CELL THICKNESS IN -m -m.

Fig. 15.
OPTICAL DENSITY VS. THICKNESS FOR 3-METHYLPENTANE.

Fig. 16.

0-22

0-2*

207
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one of the Figs. 12-16, we deduce for this ave Ien th what would be the
Pfectlveabso%lng':thlcknesso?thls vdroca% ahone to \g\%emegsure
OHJ e ? rom the same set of curves t pt|c ensity due to
this layer of t emdlvdual hg/ ocarbop at each oft ther wave-
conce ed is read off. These %)tl al densities ar su tracte rom t e
Prﬁropnaemeasure densmes rt emhxture % from the results, in a
Ilar manner, the assumption is made that all the residua absorption at
one wave-lengt hIS du to anotger redo matlng) e(omf ent
galn usin 1% edu e t e a er ickness for thls second
r{ I compo ent tlts ey ” wave- eng erlv?aresu Ing 0 tlcal
ensity at the other wave (fe % eac e % this optical
ensé IS again subtracted ? the measured va ue less the amount
already deducted on account of the first component: leaving a series of
residual densities.to be accountﬁd f? R the remaining components.
Wor mg Inthis way throug the components present, we should
arrive at a series. of layer thicknesses oneger compon nt) WhICh will aga
up to the cell thickness used in thm IS ’gsa 0114 mm.) fand the
residual ™ or unaccounted optical density shodld be zerg. A P
prOX|mat|on WI|| not achleve this result in general, but mspectlon W||
s ow In w %t irection t e approximation i in error, an enan e %e
allowance to ema |nt e assumed layer thicknesses o0 emagora ?or
mq c?mponents rocess is then’ repeated Fntll the sum 0 h
calculated |ayer thlckn sses agrees with  the cell thickness ysed within
Hwe error of settln@l ofthe ceL 0029 n”n ), and (2 g% the sum ?fthe oatlcal
ensities eit an e] g (e com[ion ts 15 equal, withi
Perlmenta error, to the observed total optlca en5|ty check ma be
uired at another gthlckerg cell sett mg par |cular¥ where some of the
co onents are resent (n Small amounts, In order to establish whether
sma re3|dua optical densmes are due to Inaccurate estimation of
the minor componenfs or are due to experimental errors in measurement
}an optical density of 0-2 is considered to be the minimum which can be
ellably megggred and the experimental error at this density is estimated

FmaTI a check may be made at some wave-length other than the
key wave lengths used in the ap rommatmns
t"has been found that, as a rg vtwo successive ae\?rommatlons are
requved and the process may ellus rated by the tollowing example —

able
Anal f Synth res of B n Methylpentan
alyses 0 iXetth)?Iteg/c opXethaer?eoandel}zel}eD|met?wx‘1pgntgne elnylpentane,

Vol.-%,

Blend
No.  Benzene.  n-Hexane. 3pé\f|1$yr‘]%l Meliylcyclo- 226%{5”9thyl

Act. Obs. Act. Obs. Act. Obs. Act. Obs. Act  Obs.

A FIR N NN
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%{smg BIer&dSofTabI I, the experlmer“al data corr cted for cell zero
an |

an ered radiation ythe procedure illustrated mteAppendlx are

s -

Wave-length i- '
Component, aV%p)?ng C%Brlefﬁtgrqsft)f“ CeIITnmrﬁkness,

. I
W, 8 OB e

Assu mm asa f|rsta roximation that all the abfsor fion at 13? D
8?3 hea u5| Fig. 16,an optical density or0-010 is equivalent
h
f

N
The o tlcal densn t96 due to this amount of M-hexang is 0-070,
dlfehe ce. etweenyh%s agé%he obferved ure of 0-436 heing 0-366.
%kf?ntmmS | erence to be due entirely to herizene gives a thickness of

3. Theo tICEﬂ densities at 130a du? to théese amounts of M- hexa?e and
zene ar an | 0-020, respectlve y, and su tracHngt e sum Q these
%%163the ob s rvrenet VrSnOangiP e% es 0-045. This™is equivalent to
4 The contrlﬁutlorx% at 10-24y" are” now calgu ated, t?e sum bem%
115 , en subtracted from the obser¥ Tre of 0-190, leave
079 eq |vaIent from FI[g 12, to 0-0165 mm). of methylcycZopentane,
5 h contrl UthﬂSdﬁ 135%/are now ¢ Iculaed esum bemg0229
su tracte rom he observe |gzur leaves 0-023
L m Fl% et en ane.
ota optical den5| |es due o t ese calculate amouns ts of tﬂe
|ve components ar% now calculated, and the sums compared with the
observed figures as below —

Q)

=5

sdi
to 20
the

;
0
;

0-
0-
whi
equ

Est
Component. IIAnhalc

ness p
mm H 964. 10-24. 10-50. 13-00. 13-50. 13-80.

Wil B 50 0 O G G O

P enne 005 ﬁ@é‘ P00 BRR 010 g R4S
e M 9 B v s A v R

d Yv”q{h Wave-length (y).
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7. From an inspection of these C%culated ptIC%| denﬁtttes it s eV|dent
hat the «- hexane content Is too h| as evi ence P/t eoptlca}] densit
?g he same apf ies tote enzene figure at 9 The excess
P“Cﬁ enshg 0f 0-062"at 13-8 g corres onds‘t a thick nesso 00122 mm.
exane, and the corresgj%n mog XCess 0 ﬁeeat (?038
mm. These amounts are subtrac rom the thicknesses 0 talne
the first appr%tlrhlgtton the resulting thicknesses being 0-0691 mm.
«.-hexane and mm. of benzene.

Exlahe rematntn Wave- [eng ths—viz. }0 -24.10-5 13-0 aitd &3 50 09—
are now corrected usmg erewsed iqures. The calculated optical
densities are now0%80 0? 149, 0-219, respective ey

Comparison of these figures with the observd oo}hcal densities
indicates that more me hyloycfopentane and 2 :2-dimet sy entane are
re uired, but the amount o 3met3/tpent ne is Ylery close 'to the true

8 re. The new thicknesses requne balance the “optical densities at
and2 dI r% 5t glae%tgn0e17r8esmencttsg 0-0102 mm. of methyIcchopentane

sin ge tﬁICK £SSes NOW 0 talnetjya final check is made of the optical
densities, with the results shown below :—

Estl ave- -
Component, peted oo ave-length (g).

nes
Aﬁsorp 064, 1024, 10-50, 1300, 1350, 13-80.

e B §ttt i I i
) 1 8

)
it ?g i S g
oA - G — B RIS 8%3 Hi o) O

It is obﬂerved that ahthe waveéen hs} 5e and 130 WhICh are both

BHzehe .
% etﬁprentane

YR
f

or.3-methylpentane, the observed optical d S|t|es ar lower than (-2,
hICh IS oonmdered to be the lower limit of accurate etermtnatton Also
t e calculated va

yes are both lower tpap the observe values.  Whether
this 1s due to having too litt metn¥ entan ﬁ o(rétue to errors in the
measurement oftpe opttcal en5|t|es ay be checked by using agreater
cell thickness at these wave-lengths

Using the %uanttttes of the vartous com nents as determined above, the
gttcatdensn es at 10-24,10-5, % %H(L are ca cuI ted fora\ lick-
ness of 0-216 mm. and compared with the expetimenta va ues as he

Wave-length (g).
10-24, 10-50. 13-00. 13-50.

Cafs BB e

optical oensny.
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The avra emerht between the ?bserved agd calculated optical densities
now thin the exRerrmenta error of etermrnatron us jndicat rn[g
artht ana %sort components present i small amounts IS correc
ana ysrs is t ere ore —

i Vol.-%.
Component, Thickness N OAI
5. ct.
Benzene . . !
e, M 1 1
H)Phet finentane : - }j
ylp
100-0 100-0
To”tal thrc,|,<ness, 8%'50 8}%

It should be not ?that the Stﬂn of the cal%ulated thrcknessesr reat]er
thfrn that deduced trom the cell setting. e accurac Wrt W
ceIthrckness can be ad us ed IS approxi F 0-0029 m & 31

per cent.- _?”ﬂ erefore the calculate thrcknesses are Ivide bly
the o served total thickness to obtain the percenfage comdaosrtron ?
spreads any smal| error whic may be present in"the observed optica
densities 0 er all the components.

The roce ure of working  in thrcknessef also Provrde a usefug check
ont e aétysrs For exam Ie the analysis of an Isoheptane fr ctroH
which ha Fose reed from 3methy pentane rt was foun
hat the total “calcu ated thrckness was too low. J e[y &/va]
engt sfor3met0yr1)entane were then examined,_and it wa% ound t
some 8 per cent, of th aterre] Was rPre?ent The total thickness Was
still too low, hut rose fo the ce ettr % lgure when, on examinin the
8F“Céh ensrtres at 1 50g it was found, thiat some 3 per cent of

nta e a resent. The ogércal den%rtres ca culated  at srx
ma)\(/eu ngths checked with the observed values for the five component

The results of four synthetic mixtures calculated by the above procedure
are ﬁrven In Table 11,

Stotal time required for each oftheseanalyses isabout  hrs. This
includes instrument time as well as computation

Discussion of Results.

The anadys ven in zﬁblell ow thatahrtb ccurac cag
tar[(t fhe usefu nesso tJ avar emons rat
rn checkin smaII amounts present of certain com onents [t must
drirstoo however, that the gccuracré attarned atp lies onlg to mrxtures
similar to those examined an e% ? 0 mrxur $ confainin
other fomponents The accura%y analysis e ends to a large extent 0
surtab key " wave-lengths being available Tor each component, an
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thISthondltlon cannot always be satisfied as it has been in the analyses
quote
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APPENDIX.—APPLICATION OF THE CORRECTIONS FOR
SCATTERED RADIATION AND CELL ZERO.

Pate alv%nometer eflection of was ‘observed. The cor-
esoon deflection observed with a thickness of 0-406 mm. of m-xylene
In the radiation pah was 15 cm. Sln?e on |ncrea5|ng the thickness of
apsorbing |ayer no further diminution of the tI]aIvanom ter deflection was
observed, h|5150m must he dye to wave- en hs which are not absorbeg—
8., they represent scattered rgdlatlonﬁ tol 5132 x 100 =

Per cefit, of that transmitted th rou% e roc salt g late, and the frte
1ransm|53|on through the plate is proportional to a deflection of 13-2 —

The gra wn in Fig. 5 was derived by repeating this process at
otherwa J)Iepq(h t?eap r)ht i 9L P

smgt Proprtfaﬁabso h
san exam eo the application o this correction the absorption band
atl xdue to a layer of»-hexane 0-150 mm. thick is considered.

J % vanomet% eLecttons ot&serve were 9-0 and 1-75 cm. for the
ra |a 0 Rassm t roug the rocksalt plate and absorptlon cell, respec-
IS cofresponds to a transmissjon of 19-45 per-cent, uncorrected

ve
% gcattered radiation.  From Fig. 5 the amount of scaitered radiation
gsls 12-5 per cent., corresgondmg to a galvanometer deflection of

= 11 cm. The true amount of radiation of 13-80 x wave-

Iength passmg through the plane rocksaltplate is therefore Ioroportlonal
-9 cm. These corrected deflections give a transmission of

X 100 8-25 per cent.

whl-eltatdemetcelelxé%rt? bteheen slaon(%ep%rrncoeunr}t_olfeenelt theascetlllteh argctlgggﬁmltted
these dethlons wo/uld have corresponded to agh/ optical density (Ef log

= 1083. At this wave-length, however, the cell zero as determined
was 84-5 per cent., and the optical density corrected for this figure is log

KB-l«*

With radiation of wave- Ie jth 131 fxgassngl%q through the glane rocksalt



AMMONIA—A FUEL FOR MOTOR BUSES.
By Emeric Kroch* D.Sc. (Member).
The first Ptrfrzatron of Irqénd anh drous ammonra as a fuel for motor-

buges took place in Bel urin Xear
The first motor-bus as equl ? tEm Into service in April 1943
g three fines have cPver d several

and since then eight buses operating o
tens o[f]t ousangsgot mr? ?avrn %n arrrvrn? on schedue thus main-

S
arnrg d’ goran 1R]ubﬁrc Servic tor the Belglan civilian p opFIatron .
Before describ rn? er rga atures 0 rs new development in
alternative motor uels and results obtained during the first twelve

onths of exploitation, 1t a ortune to qive t e reasons w
t rs partrcufarpa?ternatrve mopgr etuel Jigs chosen fo? \ne Service r?escrrbeg
In ctoher 1942 the management of .C.F.V. (Société Nationale
deE Cﬂemrns &e Fer Vrcrnarg1 —the Belg tate suPervrserﬁ SY Fem 0
suburban and countr srde |ra sport tron rar and road) was Informe
tharthno more dresecﬁ wo\rerFeVavaratﬁ rntrﬁtgrI USes. aliste o
e engineers of the ogether with Belgian specialists, made
a ra Id s%rve¥ of tne ttgren Fxrstgreg r?ossr%llrtres of rg 1acrﬁ Besei rT]
ernate uel. As no_ liquefied petroleum ga? E oae utan
so ?a “rich gas with 3 B, T.U content of 750-1000/ cu t. |n
sufficient quantrtre were avar lable, the chojce was restngte to
resse%coa % (t U. content less thgn 550(cu R ucerg
ert er of the two solutions a]p eared satisfactory to the expert of the
I\t . The engines b buses weré powered were barely
sufficient fo a]ssu[ ese ce, W rch ?wrng to war- trrge condrtr%nsb was
Imit.

trained to { er of passengers had increase
rfﬁasre?’\?v rer cent, per bus andu the load was th%refore much higher Yh

-4() per cent. Compresse c as appeare eabe ter proposition
ut in the oaie of two ufs rnes F u rty an tequa tities or
rIras available Were eficie T e re tive Y content ¢
hen-produced coaI %as roun woud ave made It

ne essary to e nl a ar e numger of steeq |n er}s in
t{3crent ue or at 3 Thrs

rto-carr east one roun trr
?urt er rea XE e carrying capacity o [16 bUSGS which” was aqreagy
strahne to the |i

It
EEA g Sl ot i
B &mal}honatlrév’:nchnn J to rer on )these frﬂg as tPrerr sor]e means of

The engineers of the SN.C.F.V. then approached the writer and his

* Managing Director of Comprigaz, Ltd. (Brussels).

oth anthr)acrte and Wood as {roducers e tarlted a loss of power of



214 KROCH : AMMONIA—A FUEL FOR MOTOR BUSES.

ssociates Lor the Eurgose of ex mrn 8 the possrbrlrtrefs of adapting f?r
temotor uses the new system n the atentso Ammonia Casa

rh estreau and Enoc knowp as t f Gazamo Hrocess an

W hch has been Tirst resenh eBeIgran H ic af the Alternat Fue
Exhibition_ organized by the Association of ‘the University of Brusse

Engineers in June 1942 {Eig. 1).

Ammonia as Fuel for Internal-Combustion Engines.

It would be be}yond the scope of this article to describe jn deteirl the
development of the use of anhydrous ammonia as motor fuel, byt letters
Ratent and other mdrcatrons can be traced as far tfack aa 1905. It seems,
owever, that the first prahctrca apg lication on a |m|te scale was due to
Ammonia Casale, Ltd.," who took out aents |n Itan¥ In 1935 and
The Casalg system was characterised tﬁy partial thermal decomposit |on of
ammonia In a catalytic reaction champer heated with exhaust gases from
the_motor.
The Gazamo process, which has been tested on the road prrncrgallg durrng
the severe winter of 1941-42 “appears to he the fiyst aB ation 0
farrly Targe scale, as about 100 vehicles were equipped for use of ammonia

el.

|thout going |nto detarls or any lengthyltheoreticalconsiderations, a
brief summary o the ¢ aracterrftrcs of anhydrous ammonia, as well as a
short discussion of the principles underlyjng the Gazamo' system, are
necessary for the further mprehensron ofthe subject.

Table |.
Properties of Anhydrous Liquid Ammonia.

&he iC Iformthla

olecular wel

ercle e co osrr
Ifi

s
G

Vapour pressure in 1b./sq. in. abs. at various temperatures.
°F. 28 00 &2 50° go o 1000 122°
Lb/sg. in. abs. 147 304 643 892 1076 1530 2119 2948

eatin vaueﬁower E u. er Ib. 8@%

E'peeactlr Bhea q%\/Ir r; 6¥0° er %Et Ib and 30 in. Hg) : 380.

Latent heat ofvaporrzatron in BT U. per Ib. at various temperatures.

°F. 280 0° ° &= 0 = 1000 12

B.T.U./Ib. 59 612 621 625 627 631 633 634
I

t R '%W?ntetvor !

at 32° F.
t het 32°F 122°F
?naptsI% '%J(@pansé rlllCoe alrcnlﬁnnomgvxe%rrlr at 60&3[]:d and 30 in. EIZ lower 17%;
er am onra

N8l
‘:ofgo F, gnd i Hg = 056



Fig. L.

GAZAMO STAND AT THE ALTERNATE FUEL EXHIBITION, BRUSSELS, 1942. THE FRONT
CYLINDER CONTAINS ANHYDROUS LIQUID AMMONIA AND THE REAR ONE COMPRESSED
COAL GAS. A STANDARD 110-LB. AMMONIA CONTAINER IS SEEN IN THE RIGHT-
HAND CORNER. THE MAP ON THE BOARD INDICATES THE LOCATION OF EIGHT
SYNTHETIC AMMONIA PLANTS IN BELGIUM ~ BRUSSELS, TERTRE, HOUDENG-GOEGNIES,
WILLEBROECK, ZANDVOORDE, SELZAETE, RENORY, TILLEUR CAPABLE OF PRO-
DUCING 230,000 TONS OF ANHYDROUS AMMONIA PER YEAR.

[To face p. 214.



Fig. 3.

.mmonia-equipped motor bus. ammonia containers are eixed 01* thb

FRONT OF THE VEHICLE AND THE GAS CYLINDERS ON THE TOP.
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Anh?/drous ammonr %NHI?) as produced hy drrecté nthesis in Iar e
guantr r\ p h strial countries, 1s, un Bprnar
Iflons, a co ourless %as with characteristic odour, very squ en ater
with which rtformi e com on ousehold ammonia.
Almmonra IS easr uefre under moderate pressure, and can be k
rn Iquid state rn pp opriate steel cylrnders tank cars, motor truc s
storaqe tanks. "Vapour rp(sessure char? cteristics of ammonra gt
?rmharép hose 0 8ro ane a contarner? ropane are aso sulta
or ? transg rtation, and storage of ammonia, provided no copper
or copper alfoys are present.

h varroup 6ﬁ)tn/srcal and chemical characteristics of anhydrous ammonia
are given in

Combustion of Ammonia.

Whilg it has beep known srnce tBe begrnnrn% [)the nineteenth cen ur
hat ammonia could Hra e fo burn tﬁe combustion reaction. an a
?on |t, ns Were examined In detar much later,  Assuming srmp
ormula for the com osition of atr, viz. 21 per cent, ox dena d 79 pe

nit rog (withoyt ei ases), the theoretical comb

alr can be state as llows

INH3+ 3(0, +376N2)-1528N2+6H20 N\

Fear_has beep expressed (and still is in some quarters) that another
reaction can also take place

INH3+ 5(02+ 3-76N2) = 4NO + 188N2+ 6HD . . (2

with formation of nitrogen oxide leading to ap earance of nitrous acid
and even uaIIY of nitric acrdr th compustron ses

It can % ated emph , tatatrusrn ammonia as motor fp}el
for many thousands .ot miles no race Of COrrosion was apparent ont
arts of the motor in ontact Wrt the combustion gass In fact no
ore and erhas ess an ordinar wear and tear wds apparent on the
cyIerers alve r% ex ausdt manifold

The amount of heat uced reactron (1) P ased on 1gamol of
ammonra with Waer no condensed lower heat value) I 757c Thus
the Iower B.T.U. value of gaseous am onia Is apé)rox mately 380 B.T.U./

cent,
stion of ammonia In

cp] or rather lower than tha l] % good Hp (Yva)r manufactured S
The %uestron arrses quite na uralg W g It. shoul expedrent
strtut ammonra for ‘coal gas and what, if any, advantages mig t be

de ve from its use.

Ir are ma]ny good retasons why ammonia is an exce”en motor fuel
and fl ough the' stope of this article does nottpermrtt e drscussron of
details, a sfort description of the various favourable features is given,

(1) Less Air Required for Combustion.
ost of the Ir d motor flfe|5 used up to the present are of the hydro-
car on Jr err cp]mg ete combu tron ¥|e [ds as end-products water,
N ox one atom of carbon requires t\ﬁro atoms 0
en poerr cao(r)n e te combustion, hydrogen requires but one half atom o
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ﬁkrng as %n example the I?west saturaﬁed paraffin hydroc%rbon
methane, whic ftpresent in_coal gas, a simple reasoning showst at It
re uires for cornpee ombustronz b times asmuc alr as does ammonia.
hus even with"a rather lower eatrn% valye the mixture ammonia—air
compares favourably with mixtures of the richer fuel gases and vapours.

() Expansion through Combustion.

he prrncrple of all mternal combustion,_engines is the combus tion in
ﬁ ﬁn ined space of an explosive mixture with & rise |%Bressure due to the
temp eatures 0 tarne In the case of the co stion of ammonia,
there rsa furth e rncreafe In pressure which | suse for the same purpgse.
[T w comparet e total volumes on hoth sides of reaction (1) we see that
4+ 14-28 = 18-28 vqum s on_the left side become 13-28 + 6 = 19-28
v lumes on the rrght e. ? ra(s or expansron coeffrcrent |s thus
2% 1%28 or 1-057. T eclcu at |na ressu eater tn %Qn}l ustrg
ou t erefore be m ItrP |e t 16 ahove coe frcrent— est for
known fue ncr ntally % soline s ws neither_expansion nor con-
tracr on, while hyd rogen eads considera Ie contraction, which decreases
s already modeérate value as fuel.
(3) Anti-knock Value of Ammonia.

Atthetime ?fthrs writing no reliable frrgures are avarldable as to the relatrve
anti- knock value of ammonia as motor f ? from the h g
compression ratios, which ammonja toIerates |t ay. safely be assymea
tha the com aratrve octane nymber of ammonia as fueI IS"rather hr%rer
han 100.  The actual comﬁ]ressron ratio ot the motor bus engines descr
ereafter was 85 : 1 IS case It was not the uestron of rarsrn?
comé)ressron ratio ‘but, on thg cont r%y, of decreasrn%v to asF evel,
since It must be remembered that t nower units were diese engrnes
% ﬁ an_original compression ratio ?f around 1
The three factors favourl gthe use of ammonia as motor fuel made it
IrkeI that good results could be expected from Its Use as motor fuel for
% com ression. engines.  Figures from actual o?eratrng experience ear
out this assumption. Before going Into that par ver a_somewhat
getarled description of the Gazamg erruwment will rIIustrae its general
eatures and also 1ts particular application to motor buses.

The Gazamo Principle and Equipment.

The flow-sheet (Fi g grllustrates the Gazamo prrncrple as applied for
use on mobrle interndl érstron engines, Coal gas containjn roug g
per cent rogen is useq to promote the gnition of the air-ammaoni
mrxture rocess, based on the patents of Ammaonia Casale (French
Patents 7996 and 802, 9?5 Belgian P%tents 412 814 anq 413637), 1S
go coverg patents 'of Emeric’ Kroch and J. L. Restieau (Belgian
On the right-hand side of the flow-sheet is shown that ar the
%urpment vrlqnhg p#]hes the pegessar %X ro%enr{n thep r]rpo coa[g
The 'gas Is store etal cylinders which, actording to Belgian prac ce
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ﬁnd Governmegt reg”JIatlon 8 built for an oPeratlnngressure of 200

lem.2. - Incidentally, 1t should be mentloned nat In France pressures
to 250 kg./cm.2ar adm|te The cty mderg usuF from two to SIX
number re_manifold ny means of forged Steel tees and seamlefé

steeltubln 0t 25/60'In. 0. D and 15/64in.1.D.~ On one side of the manifo

Fig. 2.
FLOW SHEET OF GAZAMO EQUIPMENT.

PR b L

The compressed i asses fro the cylmders through the filter,
into. the pressure reh ator, R1, wt ere ressure IS reduced to 12 7
Sﬂ in. natmosP Bric or “ zero gu atr 1, acts asavery sensit |ve
-off valve to stop the flow of the gas while the motor is at a Standsti
ut-off valve t the flow of th hile the mot tanastill.
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The slightest on th side of A opens a balanced valve inside
the re ua('tor adpdjth gas?lo streeq Into thgmrxer rop ortrona or, M.
Th emrxer "made of Steel or al mr rum no copper ro er a oys may
he ui a), repIaces the standar [ uretor. u?d on ue %to
vehrc es. A"Venturl tube of suitable size is Titted, at pIace slight
eIow rt? neck tow'ards the m tor with two ”t jiectors, which are part df
o angle cock valves with f Ie controls lgadi g to he as boar
Through one Injector a contro uantity o coa as rs led Into the
mixer whrIe tpe other rn ec rsu sthe requrre Ta ount of vaporhzeﬁ
ammonia, The arr ene rou e o en end of the Venturl, whic
maly be fitted with a dashb ardc ntroll c oke.
he liguid ammonia Is drawn rom the storage ﬁank T, which is fixed
germane tly on the vehrc In other cases mobile containers are used
nd, when empty, rep aced The liquia_ammonja passes through the
strainer [ before entering the vaporizer E heated with water from the
cyllr der | ac ket oLt eeﬂgrne .
ere %mar ed di rence in regard to the heat of vaporization neces-
sary for vehicles usrng liquefied pefroleum ?as and those usin ammonra
asfuel. TheL.P.G. aveahrgh .J.U. content (about 21,500 B. T.U./lh),
iagarns 8500 B.T.U./b, in cise of ammonia. 'On the other hand the
atent heat of vaporization of L.P.G. 1s but 170-190 B.T.U /b, while the
figure for ammonia is 342 B.T.U./Ib. at 32° P, Thus for the same amount
of heat energy supplied to the motor 21QL?80 X i3042 = N8 times as much
heat must he supghed to the vaporizer In case of ammonia as compared
.G, This must be borne in mind when trying to adapt L.P.G.
equrpment for use with ammonia.
(iurd ammonia enters at the hottom of coil G, and after being heated
nd 10 a ?reat ex%ent vagorrzed It passes through chimne Wherg
the vaporization become comglete Another. (optional) Strainer, G,
ggnnao%ej the last particles of foreign matter which may have previously
ggulators R2 and A2 work srmrlaroré t% those_ described above. The
in et pressure in R2 rarely exceeds in.~ While special steel
seats and balls are u? of the manu actured as regulators, composition
discs are more suitable tor the ammonia regulators.
The driver of the vehicle has the two control knobs K| and K2 handg
and thus has the B\?Silbm ofrequarngatwrll e}groportron ofhydrosg N
nd ammonia as e total “ richness ™ of the mixture g as%
r

a
alﬁ the engrne may he startea on manufavcgoerred agstgraguau s

WS a f fain wa mrng up of th erJ
K2 and closing K1 the proper mixture can be easr dined
wr e ran e of gas-ammaonia mixtures e useg De end n on
whether gas of ammonia are in any particu ar case har

ethe ﬂ er o lrjh) y,te
driver will use a mixture containing more or less of one of the co t?nents

Tanks oe Containees.

As mentioned ahove, it has geenf %nd more convenient in_some cases
to replace the permanently fixed tanks by mobile containers. ~ This was the
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case with “te six puses which %tarted fro Namur\ since for various
reasonsafr Ing station could not he erected there at that time.
dard ammo |ac ntarners( linders), which hold a Iorox matﬁje/ 125
eac were use eNamur Ses, th bein eac le as
s own |n Fig. 3. Thrs photograph was taken a ert e inaug ura trip In
The contarner valve points downwards, and |s connected
thr u hasteel | ta Wrth the equipment. It 'is important that only
onecntarnersou be used at a time, owing to the ossrgrlrt of ong
(c)o/gr ||ner emptying into another, and consequent grave danger from
Incrd?ntalhzr the only serious accident whrfh occurred durrngnthe two
ears of ufilization of ammonia as motor fueJ h not on the moto
uses, which have an accide nt -free_record, but, on prrva}te motor-car
was caused by oareless overfilling of an ammonﬁ tank. The subsequent
heat rnr% g r]d lquid eﬁﬂansron of its contents blew up the tank, causing
some Material damage, but no casualties.

Filling Station,

Most of the mmonra -fuelled motor vehrc s, and more par rcularlyh
huses startrH? rom Brussels vyerg equr thi one or two tanks
ammonr which had to %refue le ata ecra fi |n statron Fornear

ear this statron as e(en I continuous . oReratl d since It Was
rt%ablg the nsé of its ki ash?rt descriptio |tm e Of Inter st

ation, designe an bul anlissements Emeric Kroc
tati d tb Et li t K

Brussels, Is shown schematica
ja q( ?rttedwréh en cessaryvalves and otheraf) “%ﬂce%?

e stor
m er pressure. As shown on the
t etanE H\ caane foﬂed Prom apank car or truck G,

eamountﬁ ammon a delivered to the custornerstank IS measured
by. volume In the. ve gtc tarner i{ tted wit ﬂau assa
surtzi\hescale ths% IS |IIe tan / mcreasrn ressure ove
the liguid level I | compresse alr rom he compr ssorK Simiarly
Irq |d ammonia from,] tIows 0. the, cu?tomer car t]ank hrough valve2
the 0se connection 5, which is clamped on the corresponding car

Ventrng hose .connection 6 and valve 7 lead to tank W partly trIIed
Wrtt} watér. With valves 5, ﬁ anq 3lctosed the op nrngbof vaIvE 7 and
T orthe correspondrng car valve allows for ventrn(\;/ ever
igh latent heat value of ammonra very little Venting |s required t
ecrease the temﬁerat%re In the car tank afnmum of E f r]
ammonia 1s lost through venting, but usuaIIy the foss I1s considerably less.

Operating Results.

The results obtained durrngi the last eight months of 1943 by the six
Namur buses aresgrven in Tab g

The first |m ression gathered from these frgures |? the wide drscreganchf
in the spegiric consum trons which vary not only from car to car, but |
the case of the same car from month to month,
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Bus No.
AB-233

AB-235
<

AB-236

AB-240

AB-246

AB-252

There

ij' of course,, one obvio s,vard'ation—viz. the relative ﬁ
omﬁs an ofammomla. As XR aine magreyloqhs paragraph, the driver
of The bus can regu the
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Tabte Il
Consumption of Cos and Ammonia by Six Buses.

1943, Total Run,  Gas Consumption, ~ Ammonia
Mot Bf— ki & 0 Qkognﬁgrgpllon,

a
U
U
August
8e %mber
obe
Hovem er
ecember

ovem[)er
ecember

A{%u?rt]ber
E o%e

onsumption

ate within a wide m rgin gasiammonia ratlo.
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However,, one Would exPect th%t on an absolute, hasis 1.e. the total
amount of B su lled by both the gas and the ammonia there
oluhd he less dtffere
ere are severa reasons to account for this. _ First of all, the heati |ng
valye of the co% %as used has] been somewhat |rregétlar throuohou t th
eriod. dunngw ich the buses ebeen Rerﬁte xcontrac with tt]
untmbaty, the gas ?ompany aﬁt to furnis oas ith apgrommatetg
heatin % Actually the average Tigure was, between 3
0 BT U, In itself 1s a’rather largé ma ?tn T e reason for
these v rg ow fi ures was th arPe pLoportto biue w? %r as w ich
was added to the roduced durfng the who urattonot ,
Ano her factor whthcan onI be menttone is the lack of accurac in
a]sunngt e eLmoup Li plied. The ftoures in column 4 of
Tabe || "are ta rom t ont statements of the Gas Company.
t should be horne in mind that wher retailing compressed gas the quan-
ttttes sold are computed on the basis of the formula :

V= {P p)

t%ereVre resents the amofunt ofth ? ivered,

the tot aI ater cap acnté the cylinders fitte on ‘the vehicle,

b/sqthen inal pressure (in Belgium generally 200 kg./cm.2 or about 3000
|

and

p the initial or remaining pressure in the cylinders before loading.

The formula does not take into account the gas emPerature nor the fact
that the Boyle- Manotte aw does not apply to'n |% Pessures

Bearing t(e above In mind, it maé/ De stated { the following figures
can be considered as average actual Consumptions per mile :

Coal gas heattn%value 360 B.T.U./cu, ft. } 34 cu. ft. = 12-250 B.T.U.
Ammonia (heating value 8060 B.T.U./Ib.) 1-0 Ib. 8-000 B.T.U.

Total 20-310 B.T.U.

When operated gn gas- 0|I with dtesel en[qmes before. the changse over
the buse s verage 84m|es er Imp. &; -0 miles per U
akn the heatng value oflga -0il as of SOOOOBTU er Img gI or
é? IleT the specific consumption Was then “17-900
The co fmpanson of the two ftoures shows an |ncreasf of 13-5 per cent,
in caseo% ammonia as fue comp%re with gas-ol ﬁeratto How-
ever, 1t should be borne In mind that't QHSQS wTret }/ []oaded bﬁ
at least 25 per cent,, not to mentton the a |t|ona Wet ht of t ?as an
?mmontae tlupment There Is n? reason t Bu bt th at gn equal terms
|t|¥ eosuw ent results in thermal input couId e obtained In case of the

After a service of more than 10,000 mtle one of the enotnes has been
taken down ar(tj carefudl ﬁ mined. No abnormal wear 0 ? trace .of
%o]rroswnwas |scPvere ich could he attribute t(othe use of ammonia.

e lubricating oil consumption remained unchange
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Summary.
The use of anhydrous ammonia IB combmatlon with COﬂ

h
for Internal- comrwtlon en mesq} n| ed ou na f%l
rmg one year. When roép install when ade ?te care IS
XCe ent resu ts W |c compar av?urabgl
There. wWas no loss

ta HHS otor, fue' glv
Wlt those Pre\uous obtained with i%l
power, no cofrosion, ahd no Increase of the lubricating-oil consumPtlon
Coal agas st ition promotelr for ammonia may eJ Paced
other ses (or |qU| . and"particularly by hydrogen. ong S0 t
fue combénatlon amrEonla + hgdrognen becomes entllreaydnde de?t of
coal. gro en can be obtained fr eleg rolytic cells angd nitrogen from
alr The necgssary energ can be obtained from water turbines.
No comparison “of costs hafs heen attemf)ted as the operations have
tahen plac éiurlng a period 0 Ence congro andaI Inds Of restri

11 I ?tl(ins
which would not™give a true picture of the possibilities of this
normal circumstances.

g s
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BULK OIL MEASUREMENT.
By E. Stokoe (Member).

General Description of “ Gauging " System,

Althouy gh meters and o ther devrces are sometimes used for measurrng oil
in bulk, | Hg " Is the usual method Fen Iar? crHantr les are b “g
measured mentally, the tanks ysed for_ stor % e ol are carefua/
measuhdbefore they are put Into service, calibration tables are prepare
from these measure ents ﬁrvmq the volume or caﬁacrty correspondin to
varrous all hel ts and the oi herr{;ht In the containér is. m asure }/
sultable rnstru nts, The temperalure and specific oavrty of the oil
are determined, and the measure vqume is" converted td volume at
standard temperature or to Werg y the use of surtabIe factors This
comparatively srmPe system enables one to determine the stog in any
tank and uantrt es rcerved or elivered are measured as rfferences
etWFen fto ks before and after the operation,
ficulties are sometrmes encountered when small deliveries are measured
9mg arge tanks. Srmrarx fallure to aIIow for fank-bottom
igs, tank-bottom movement, or quantities of oil In pipelines may
to discrepancy, but the system works well in the majority of cases.

I Iyeé]

Tank Calibration.

Vertical Cylinders.

Consrderrn%r first the normal type of vertical ¢ glmdrrcal tank, rt Is*
evrdentthat fone has a tank 118 eetrn?rameer and 35 feeth IF applica-
|on of the_usual mensuration formu awrlshowthat It has a tofal'c acrtg

aglpo mlatey 2384 000 ImPerra gﬁ llons, eqLHvaIent t0 3 out 56/
Im 1al gallons per Inch. gactrce owever, t Fro lem IS not ourte
so srm e me to varratron In the drmensrons of the different tiers of
Bates t e % ons Rer Inch v'arLy different herﬁhts in the tank, and

al affect the

awous Internal fitti gl_sma %allons pe[< ch over the heruht]s at
h th ex occur. rgrecau jons to be taken and the difficulties
rcrburr]) \fe crease accor ing to the degree of accuracy desired In the

Ver rcaI c Imdrrcal tanks are commonl caIrbrated bey straggrng
which copsists In meaerm Le external circumferencé by passin

gra uated tape around the tan rocess 1S usuaIIX rep eated at one
I more positions on each trero pate% sot at d uea? ncem?y 0e made
between: Inner an H t] When the Cmt mference 0 ge tank
excee sthe ength of t eca rating tape, vertrca Ines are %crrbe onte
tjer to emeasure a é e tier Is * strapped ” in sectjons, the sum of the
Ist ancesb tween scr e rnes onany 0 etrergrvrn thetotal tier circum-
erence. ivertrca heig ﬁot each tier is measured, ? rit er measure-
ments are taken which enable allowances to be made for plate thickness,
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vertical overIaps buit stra S, an 50 0, and an other obstruc jons \?/hrch
ma rarset e tap efromt é urace Dr ensions are aen 0
h such as mternal Iart ers, eatrn cors and external manholges
re uc% %r ncrease tne tan %afacr toget er whth the vertrc I
| hts at whic g/occur From t Sﬁ easu egnﬁntst ? f Hs
Ber mch Ialre calcu dseparatelg for eac tier, 8 t a J
pgsua inch py inch, a ces ern%n e for “ dead-wo
o bl thtt”haes R A L éntrta”ro
eaceh mch oq erh J y pactty P J
In an aIterna Ve sgstem commonly used in Britain, meaiurement of
external circumference Is rertJ laced by measurement of mtern dia ete[]

For this J)grpose d tarielrts) reacraet along a_diameter inside the tank, t

tensronr djusted to 10 er Ingenious aut matli devrce z1n the
abe rea mrd IS noted. The dtape is unsupporte throug u Its en
allowance for sag is made by the use of catenar ta es. Al

umber of(iameters |s taken a ffer tpostrons within_ each tier an]
the ?ross 0a ons %aer inch are ¢ cu Eﬂea romé e av ra e tiey diameter so

obtalned. ~ Allowance Is ma] d-woo on, but no allow-
ance gs necessarx or Iat Ick ness ete m stan ar American method
specifies that tanks should be stra % an t erncrease In capacity
ue toeastrce fension un eror ea ma ulte apprecl) e in verticd
tn so % lameter.  When ngcessar me ?urements yghe mterna

fer method may be converted to the * full-tank basis™ by applying
surtab e corrections.

Horizontal Cylinders.

Horizo taI c I| drlcal tanks a e uhally measured by t krn? larg
num er 0 %meters and lengt u erca
ensma easurin aserreso sets aﬂa sta ertre
rue or rea eo the end then being determi |calg

The caIcuI tron of tab es for horrzontal %Irn |cal nks JS s mew é
ted|ous, % much of the work can be reduced H xtenﬁ
ta e[s stan ard curves The wogk Is further comB rcate the tan
ares q ysoprm but s ﬁe( upt%a out6rnchesrn3 ﬂ be al owed
or |n a aré)ns tanks with a greater slope are usually more con-
venrenty calibrated by water.

Calibration by Water.

The water- calrbratron meho IS, so used for small tanks .of jrreqular
eargfe The anks are f |rtft wrt water, vY?hrchTs h ndhar ed ?tjna

V call ratg stan asure the nge In nel ern eon
tinyally’ measure thTOU OUtt rawrg%

0CEss.
tedious, reat earemust eexercrse owance ustb ma ew en
neﬁessar %rc anges In thetem eratureo ewa er urin teoPeraron

When Ci“ rating’. larger conf( ners h/ water, ft e me?s rn llr
commonyglasse into"the tan throu% a barrel filler or from & small an

carefully calibrated tank, in order to Teduce the time.
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Floating Roof, Spheroidal, and Spherical Tanks.

In recent ears consrderable attentron has been devoted to the reduction
0 evaporaLon 0sses from tank %ontarnlrn\d voare ucés Wrth h
ect, tanks of unconventroga ave heen deve gartrcu arg
|n Amerrca and various problems re Involved in t e| calibration an

measur
etah ?fnatrn roof %/Pe of tank, in which the vapour space above the
Irqurd |s Iargr Y eliminated, comprises an open- toP ver cal c mdrrc]al
roofa det rgotanlgastrmegs upgnt tpri Sat?tgces Orcethaereodlrrlrvthh érn%renanetrﬂr ?/ergutsl
descrrBed qor normaﬂ vertrca?tan S, al\ov)va ce for deagwood WhFI)Cﬁ move>s/
with the roof ern usual v made In t ?]rtron It occupres when the
roof IS restrnﬁ P %JPQO ts.  When srn the tank table, allowance for
the volume displaced by the roof is made, when necessary, by other means
descrrbe aﬁer
Pherord tanks were deveIoped to provide means for storrnd volatrle
ds. un er gressure In order to reduce evaporation losses, The plain
Rherordal being used for small and medrum tanks and'the noded
Ee for the larger srzes Therourtoose of the noded form 15 to avoid the
excessive herght and conse uent |Ogh ground loading which would ?8
necessar If the plain sha ewere used for'the higher capacities. It shoy
be nofed that the orI Iev I does not extend above the ghes gornt ofthe
outsrde curve of ded varret When 1t 1s co %rder
Internal rt)ressure ten s to Inf atet e tank, whereas the weight of the
Irqurd co enstends to flatten it, it will be evident that such tanks tend fo
eorm srg grn sha eas a result of changes In the pressure and werght
content uch ta ks were usually calibrated by means of water
the second edition of A P.I. Code No: 50 B, In atdd tion to descrrbrng the
water displacement method, now grves detarls of a “strapping " méthod
to be used when conditions are favourahle,
e spherical tanks used for storrno Irqurrfdts under high |pressure are
t” r‘h constructed .so ”%/Idlrh Jhat Iittl icult rs experienced with
eformation In service. ods for car brating such contarners er er
by water displacement or by “ strapping ™ are given in the A

Ships’ Tanks.

The calibration by measurement of the cargo tanks op ocean tankers
presents varjous ditficulties.  The shape of the tanks varies according to
chang ées in the shape of the hull of the ship, and the internal frttrngs are
cqnsiderably more comPex than those in a land fank. The same egree
ofaccHracyrnoLImeasu ent cannot be obtained forvarrou?otherreas ns
ang ships’ calibration tanles are, therefore, usually calculated from the
builder’s pIana elra\%e factors ased on Brevrous experience being
commonly used to allow for the Internal struct

Tank Gaugrng

In use, the dip tape with dip we ht tache lowered carefully throu
the ol|JI unthr t wgrghtt]ustptouct%s tehe tanE Bottom The ta ehrs he(“m
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he al or\]rrlrledthe i Ise boerllnﬂgtsa kr(resnenbtuot Vhlth?\élrsr(e%tjs e)\lrleS aot]evrr]gert:gétds muhSt

tag erf wit norriF reg ot rlarrrv cnas%Qo Qrffrcul(tJ a?tfotr?%oltégerh]lags qﬁesetg
%resmeare % ha

ag hen measurrn tre abut
rous materials s uI not euseda |ur en

5 to cr ,

The at bott med typ Wer%l ﬁ]opu ar | Brrtarn hut thepre IS
aten en % p? ent trm tQWards se 0 asemrﬁorntedt e of
Wer htw ich.is fou er df Jvets and other obstructions more er}/
ractrce oten we Ph

[

1S 10 mark the ap roxrmate totaI
near o gi%uge hatch, and when OJ ne gaue hatch s fitted
toatankto k also some means o entrfrcatr n the tank top.
Gauge Glasses.

Gauge glasses are fre%uentlx used in Continental countries for measurin
light- Eretr leum produc ea/ are artrcularl convenren for measurrn
volati rt)ro ducts in pr%ssures rag0 esst %nsr of th eot In th
ass 15 the same as that of the oIl i | e tank, T(ge reeh Ing wi
vrously not truly represent the ol eve |nsr When use
ere 0re, |t IS |mtportant that the glasses shoud be Iushed a suffrcr n
number of times to ensyre that th e tem erature an consetiuent%
dert(srty of the liquid in the glass, Is substantially the same as that i the

In cases fdrffrcul auge fitti sometrms rovided. with pi
S e g
to referred, in ordey to reduce errors due’to any differences i the ol
densr ty at varying erg ts below the oil level.
Ullaging.

hips’ il carg tanks con a| various opstr crons whrch ma mtef re
wit accurate they are there or es

“ulla |n " eu ebe the drstance rom. e ont
dec 1o the ofl sur or example, i as as a tot
herg 8 feet othg R F r?aﬁr]e Lch an u age of3feet wou
cor eséﬂ to 35 feet deptn of oil i tan

F ages of a few feet are sometimes measyred hy a wooden ullage
strc[<n itt %vrth a.Cross graguatrons eartl awnwars romga

lec
zer0 at the cross |ece tP ?or measurrn? arger u %es o, for more
rre
ration ta\ges are sua nstructe s0 a5 to show volumes present in
ef%n corr ort In t %
Alt g conve lent for meas rrn? shrg? tanks, cgnrcal
ttome |tat r% and so on, shore tanks s ould P era%1 be
%en ractr% e ause there are certain slight e {ors In
evelt when theu ge reference point IS rigi mountlecﬁlon tﬁgrtgxakm S
the total hergg ?sho tan(hs .may change Z y_in hot chats

%:curate teel tape and ullage rule ar grefe Ships’ cali-
Ing |
rent |n t e
r%;m met odwhrc ke accurate measur m nt di
i P
ue to upwara thermal expansion ‘of the tan Furthermore, the
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acttrhal length of the raduated ta e ma?r be affected by th% emperature
va odrs% P , the tape is"at the saﬁre tem-
Perature as the ol when necessa y due aIIowance can be made in the

ank table.
Water Measurement.

ater at the, tf ottom of fanks containing oil is usuallg measr]rred
applying a special water-finding paste to a pta e or to 4 special water-
finding Tule.” The instrument s Iowered to thebo mofthe{ank and the
deﬁth of water IS shown bg/ Fan e in colour of the water-finding paste.
When a separate rule is used ater measurement In conjmiction wit
a gip werdht the base of the water- frngrng rule should préferably have
s#bstatntlra]ly t]he same shape as that of the dip weight used Or measuring
otal hei

?n Cases 0? drffrcult){ with heav¥ oils, water-finding Pa ers may some-
times give better resu ts The_ action % the pap er IS"slower than’that of
the paste, B nd by suitably adjusting the trme 0 rmmersr(in It IS some-
times possible to” distinguish etween free water and small quantities of
water dispers ughout r

ater dispersed throughout the oil.

Temperature Measurement.

Accuracy in the measurement of temperature is at least as important as
accuracyr dipping or rnoherParso the measuring operation, and con-
siderable care may e necessary to determine a reasonably accurate average
temgerature of ofl contained rr] a large séorage tank.

For most purpr%sest eu%ua Y % IP an provrded with a cork ma

be employ e e can is Tirst flushed with oll sot at Ifs temgerature S
ag roxrma that of the oil in the tank, the cork rs rnserte and the
can is Iowere into thetank Whenthedesrreddegth below th eor surface
IS reached h? cork 1s sharplyﬂere out of thec whrch then fills with
ol from the Tevel selected. "The sample so obtained i wrthdrawn from
the tank, a thermometer durckl y Inserted into the drg can, the 1ig ur
stirred with the thermometef, and the temperature is noted. Th enum er
of temperatures to he taken ep end% on circumstances. but a common
Procedure IS 0 draw top mrddean ottom samples, averagrn%V the three
ﬁmperatures S0 arned Sont %s the ther ﬁmetehr IS lowered Into
t]eta In the can and left in the oil until the other measurements

ave been compl ee

Sampling.
Samples for S ecrfrc avity determination are usually drawn with a
drg cah) In the ngrma v&ag h/d may conveniently be combined with the
measurement of temperatQre.

In some crrcumstances however, sPecraI methods ma% be required, the
w ole é)roce ure for samﬁgl petfoleum _products %rng extensively
escr din ttae Institute of Petroleum’s * Standard Methods for Testrng
Petroleum and its Products.”

Special Gauging Methods for Floating Roof and Pressure Tankage.

The develolnment of roatrn% -roof an Ipressure tankage has resulted in
certain complications In gauging procedure.
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toatrng -r0of tanks are normalh rovhded with au ehat hes mounted
n e rodf, and the or level In the hatc asured g/ pping 0
gor in th ? norma manner.  When |E be dan erou to escen
ont teroo —as, Tor example, in imates— gaugrg X ecarrre
out from the top of the tank shell, the hatch covers béing Operated b

CoerhSeOrro(SnlfmrrlrlrfIr rrseeag?f [ sli htI ue to changes in the volume of vapour
tr % tﬁ ?notfatfe tgthe herghlt ofthe oll ﬁevel

undert e cenfre deck, h
ahove the tan ottom rovrded the roof Is floatin er¥ Under t ese
% ?to Its weigh

aanthtt”het“h ré’t’ou‘t Phses & arolume of o e°d°trehp kS ot
servrce Th vo umeor ca a |t own the tank table as correspondin

0 the qil height in th ate |ncudes the roof dis ac ment,
an when réquired, c rrec ion can eductin known
Wffr' gt o Ine rootof e efuivalept t’t'de “”v‘t Jﬁmnt*ttsté el ot

nowe
allowance must be made for the estimateq weight of any sow or other
| th dn for the estimated weight ny t
forertqsn mfaterral(whrch cannot be removed from the roof. I the measure-
f efore ater an oil movement are % ta en when the roo IS
ytoatrnd eroof rsp cement ma usd ry eneg lected.  Difficultie
rrser the. 100 Z oatrrl) g and. artx esting On Its suEports an,
this condrtron shou therefore be avoj (iuratem aur ment is
estred Tank taples tor hgroo tanks s ou prefera ow_ the
r00F Wei ht the oil depth atw h oll first reaches the fowest part oft e
[ afn the. oil dep éh when the roof just floats clear of its supports, the
attekr)scar vgrrgus ?”htert]gntires are sometimes, gauged by means of a di
vapour-ti U
g ‘hrch P ttac?r ﬁ 10 the roo? IS frge tg mory up.and down ?n
ccor Iance Wh roof exure Drrle anf ta en th rought edr ern he
o\rrp way, but since the ojl In | prge 1S 0 ntotea
deuoing ot b8 '2?'%% t%hett”t 2t e N fank vhen
ressure |nt eva c“r frface is higher qr Iowertharf) that of the atmoap ere
200 donneced h the vapoul a%ré’s'“eh's TeRited Eg‘)t?‘thder?”cértet;t’é’
acc 8 tP the manomet%r re drtprcufty wit pthrs system is the
ten enc the oil to surge in the ﬁ
Alternatiyel vapour 193 % shr cIudmg spherords may be au%ed
by means of a Vapour- 'H assem This comﬁrr 8s a
tr nt * look- bcix which 1S fasten o the to t}he dip-hatch, @te
ve |s installed Retween the that H
ev(avewrgls ut, t ot alrraédrsunrna eo er‘he Valtlttacouet osso va oug %n
?untgd msqg ea aratus The 0X " 15 then cI%seog thge t%
by Vﬁne'én%’p%?egn ae”xtetﬁt‘t'” éte” oot e o %a“gtnt%pne
anent and v Fpour -tight taan %re fr?queﬁy measure gy means of
rg r%asses Or mea urrnd spherical "tanks or] ﬁaug glas es are
ecommended, owing to the high pressures freqlently effcotntdre
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Methods of Calculation.
Form of Calibration Table.

Tank tables, ma be C mp”ed in various a s. In En Lanr% so}al
system is. to grve % allons correspon to each in hel
se araernte pro] tion bein necessar?/ forc cu atrn% %ecrmalsg ractrons
an rnc ewor can he c nsiderab redoce rovi mr%; ro-
Eortrona parts, table sowrnﬁ \ th averade gallonage orrespo in

il RS, WS na”rxmrgrggrtaerggfh
ths

considerable savings’in time sh %
Instrtu e Code No. 25 pecrfles gat fa Les should. be prepared in erg
{rps should also be taken in the Same units.

of an inch, and that
extended table of this kind, in elghths or tenths, avords the necessrt)(afor

%ca cuITatron but will normalley run |nto several paﬁ When a T
ber 0 tanks are constructed from the same awrngs a care
examrnatron of the measgremen ts obtained durrn? calrbratr n will %
times Indicate that one tﬁ ecangtdé)re ared covering all tanks In a batc

wrthoutde artrnr{lfromt e desire % e of accuracy. Ifthis |srﬁ)ermrtted
yloffrcral equlations, the reduction in complication andthe saving in time

| be obvious.
British System.

In the Brrtrih sXstem V?Iume? in Im% erial gallons %b arned from the
caIrbratron taples are usual rdpred y ten"times the speci |cgravrt
of the oil at the temperature ofme surement the ounds so obtainéd the
being converted Into tons When volume at 60° F. IS reourre the
POU ds are divjded ?/ ten trmﬁs the sp%crfrc ravity at 60° F %rvrr]%
he corresponding volume. rrtrs S s m._is’based on the prr cl
that ten times thespe%rf,cgravrtr 60° F./60° F. (in vacuo) gives pounds e‘
on In arr an whilst™this is not strrctly frue, the” error for nor a

WUO eum swr not xceed4tons in"10,000 tons.  The calculate
hts ar | y low Tor nigh specific ravity oils and vice Versa, an
are Very nearl correct when t e sBecrfrc gravrté Is approximately 0-870,

American System,

In the Amerrcan s stem the IIon%or barrels ?t tem erature ofmeasure
ent ar sua ve te means of volume conversion facto
tarne rom tan ar Den ity Is measured rn an arbrtrar scae

o APl de%rees and other fables grve pounds .per American on0 or

bmatfrterI r%%”be pt(t)rredang)roorra/t%”f%%sorA r?/els tr rea Vlcttluﬁ }noz!rlrjrm %Ilanecessar'
uo gn oyrrectro Jed?n the stan%ard fsactors Care shoultt/

CR/ C berng Inclu

aken, however, to uSe appropriate factors. when measuring enzo

rﬂrxtures , Waxy orIsorothermaterraIs markedly, different | msg crH %ravri
ergra gxpansron characteristics from those ‘on which the standar tab

Metric System.

In the met | 3 rnqthe measured volume in Irtrﬁ brc metres is
usually multiphied"by the density in grammes per millilitre at temperature



STOKOE : BULK OIL MEASUREMENT. 231

of me(asurement and owing to the wav in which the litre is defined, this
rocedure gives k ?rams fr metric ons |n vacuo. When these kilo-
rams are onverte Fn \f tons tﬁ/ lvidin \yt e usuda conver lO
actor oflO% Jhe result eEn?s tons ih Vacuo, and not ng |s
tons In air, t f,erence amounting 0 about 17 tons onacaro
tonso mo}orsplnt ?raccvrate Qnversion between metric an En |s
tRns therefore, a suitable table should be employed in order to all ow for
the necessar buoyanc corrections.

In genera oll caLcu atlons and conversions hetw gen different s atems
ave een considerably facilitate bg/abook of standard factors produced

ne P. some earsa 0. Afurthér ﬁok IS nowmeourse of(nre aratlon

|c W|l Incor orate orrectlons or the various slight inaccur uesg
mentioned, a nd which should go far to unify thevanous systems at present
unfortunately in"use.

Some Examples of Gauging Problems.

Despite accurac mtankcallbratlon tank auplnvg andofflcecalculatlons

iscre anues may’still arise when measuring stocks, or when oil 13 moved
ﬂ ne tank t another and 1t is convenient to héave some System by
ich other possible causes of error may be examined in turn.

“ Layered ™ Tanks.

e uantities belng cgrﬁgared a[)e avallable in units of both elght
2{0 e, an unusual. difference hetween TIe two _ percentage losses
wou Indicate some |screpancv specific  gravity meas rement
Discrepancies . of this kind often aHse If the tank contens are otb omo-
enequs, and it has heen s geste that }vrostatw gau? e used
0 eliminate e rori rom, thiS source. The pnnc t e auge. is to
alance the oil column in tne tank against a e mn of mercury in the
Instrument, the corresponding welght beln calcu ated rom ap ropriate
tanktables without re erence to t ecu ravnrv of the 0
R eve thatas ecial au eofti ge has bee successfn v}empl%){(ed
Ny e ra Petrol umﬁ: anv or measurement |n vertical shore ta
feveréhelesconwdera%)ec hould be exercised in the deslgn and use
ros atlf Iqau%] Il measurement,. as varjous ci)m cations may
anse particula used for tanks of varying horizontal cfoss-section.

Bottom Irregulanty

The bottoms of tanks cgntal ”\]/\(7] 9 Als such as
re frequ nt)/covere with, wate (H)O\”de
Pete cove th water no a owanenee e made
arities. es arise, lowever, when v)vater bottor(]]s are not carri
[n case o nee ott m a owances may be estimate g the

tan comﬁ;telrv] anct r]rupnln (YV ter or ol fromacaﬁ[EPa eH tank

e pottom IS com-

’?asohne kerosine,
or bottom vrega

Hnn the hotto ete ev measunn uan“ S0 run |n
aﬁas taken |nt e callbrat d tan Even w e oltlt allo anceé

aval Wever, more accyrate resu tw/ usually be obtaine

con ucn\r}\? e oBeratlons so that the tank bottom I always complete

covered with oil before and after a movement.



232 STOKOE : BULK OIL MEASUREMENT.

Bottom Movement.

When the hotto Iates move under1 var)y heads of or| I with
chan es rn(s econ tr n of the sub-soil, the positi gecomes a |tte more
complicate ottom movement_ IS susgecte it will usuall be
[)ourrd beterto take drg he&revg racticable, and errorﬁma he. redé
Xrncreasrngt e number o atches and avera%v the resultin rP

cases of difficulty, tanks have been provided as man as nine
dip-holes, largely with the object of reducrng errors due to Dbottom
movement.

Installation Pipelines.

Quantities of oil contained in prlf)elrnes are a common source of dis-
cre ancrgs in measurement Dirfic tres may be reduced if It is, os?rble

rovjde g reqular anéi satisfact org/ oPe whien t]he Irnes are first installed
Srmrar air-vents and drain-cocks installed at nigh and low points assist
In verrf mg whether the line Is full or empty. Wh n dealin Wrth tankers,
Fge Ings are sometimes filled before measlrement, [ypumP| down to the

drn% nerth vra one prﬁlrne and returnrn the orI 0.the tank via anot her
Hne S0 as to d |s ace and water ore ugrn Sr rIarIy, atter
Ischarge the p rne wou norma y he left o \ﬁ 9/ of all, and
commo practrc 1S %arran e ort es hip to pump water through the line
In order to d rs lace the oil into the s oret

These preca trons cannot ak n Wrt eated heavy oils, and com-
Presse air 1s usually emp% for rne clearance, common practice bern
0. empl R/some staridard time and procedure in order that the quantit
oil left i a given pipeline may be as near as practicable the same be ore
and after an-operation.

Long Distance Pipelines.

Long pipelines passing over open countr grve rise to new problems which
have not yet been completely el ved, n th erate of umprn% IS hrgh
enou h to give adequate furbulence, drfferent rages mmy arated
h/ P ﬁ water, Srmrlarly,g quan 0f dye nfay be put Into
the R ne at the pum mg ow being |verte from’ ong_ tank to
another when thede matérial arrives at the receiving end.  Difficulties
|th Ion |pelrnes ay be reduced by the use of suitably installed positive

ace nt me ers.
hen displacement meters ar for ordinary work in conditions

used
where air ntrajned quh h roduct berh measurea an air-
eIrmrnatrn? det//rce shou?d be instal Ied oh) (he rnIet srge as, otherwise, air
gassrng through the meter woulq be regjstered ats oll. For accurate work
recording thermometer is also installed in the fine close to the meter 50
that the measured volume may be corrected to sandard temperaure,

Sometrmes automatic sampling, devices to obtain an average
sample, and thus the mean Féengrty of the ﬁqura passed through trhe metegr
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THE INSTITUTE OF PETROLEUM.

STANLOW BRANCH.

Ame%trng of the Stanlow Branch of the Institute was held on Wednes-
dax 8th OCtober, 1944 when Mr. J. S”Parkerwas In the Chr
papeb%ngzsaulk Ol Measurement ™ was presented by Mr. E. Stokoe,

(See
DISCUSSION.

The Chairman, Mb. J. S. Parker,. 0 enrnd %he discussion, said that r St%koe
had ered thesubect]rna nterestr ormatrvemagner
to asttwent

N
siickhin v that o lhqehr%mhesdsomg]abrater%ﬂ aerrver?r%%rsudrurrlrnett a d remainet

egrres o(r %srgggrrgmn 'rte were two e explanations, Ert uracy
of thefse or maﬁ methog g% H?Eoren and, conse uent¥ h r{) rovi ed IrttIe
room for | dHovementor fjhfe een [ittle apparent profit to be derived from
Bhe oagrta Vyre urfed eotrmprovement e answer was probably midway
etween eset anaions,

He was se to note the efer nce to the order ofaoourao obtarnable as in his
ex er enoe % noted_conside rabeaocidrac?/a use, ma# ¥sr ce th Frntrodgctronof
atrn mac mes uantrtres ere often reported to four or rv% aces o ecrmT
the re after the d ecrma gcirnt ern? ten meanrn less fromt(e ractl
e da srrp $drateyf 0 n sschol stic tr |{r Phe had been |ssatr fred
or exm et rougnh%n % e}to in u? or taki 5 tem eratures
etdwo red w F et} %o the lines amaxrrp rgrnrmu thermo-
eter ot heen d g t rose T erev%r ttle doubt that out of
Bftremen 0us war a vanc sin e ectr i ds 0 easurement orog(sjrs

cord
Ittélt?] hmdee?seuen openedupwhrc mig teventua tgrevo utionize t epresentme

He h ted the tend ncy of refineries to treat calrbratron tables as accurate even
if the ﬁadlgeen Rre aredptw)et or more h%revrous A R Interim ttrre tanYi
through poar fou ﬁtrons rot rcausesdhrg thave ass m% shaBesnotasorr rnay
ree(s:rdq rdatedThe tanks might be renovated, but seldom, in his experience, were the

‘\Ab St koe referring to two of the ornls arsed b?/ the Ch rrmap sagd that if a
f ndrrca orr rna h/ vertr aI heca etr te the sha eoft %r surface was no
ngeracrrc rt)ractrce ever the resulting ¢ angern area was
ext emw small, ndbef(i he til 8 ameslu rcrent to necessitate co rectro]n ofte
tank tabfe it would usually be found desirable for other reasons to relevel the tank.
Afst[]e gards maximum } minimum _t gr{r&ometers it was the averaﬂe tﬁmperature

e tank contents which was required for measurement purposes, and this'was not
necessarily the mean of the maximum and minimum.

Mb.Peteb Kerb asked ifa description could be given ofthe procedure forcalibrating
a tank by water filling or emptying, with particular reference to the difficulties
encountered and the method of overcoming them.

Mb. Stokoe rehlre%that one of the ornts t0 eob erved arefull sth ter
tem eraturg 1SS ouldﬁ ecked dtrntervasast ewor procegd
necessary, due correction s ou e hen work was sus ende v rnr
for a périof the ater level s o careu ly measure ecor ed. 8
recom encrng calibratjon t eIeve S ou d a ain be measured, neoessa%
be adjusted so that calrbratronwascontrnue from theprevrousfrnrshrngdatu leve
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Before recalrFratrng a tank \?rhrch had been in use, care should he taken in cleaning,
so that no oil tloatedon torfo the wate durring ﬁlrbratron When (o] [ngr tan ar
mea?u es were used for cali ratrn? small tan ydsg be clean odu
carefully emptied atter each measurement. Careshoul e taken notto dent or eorm
the medsure by rough handling.

Mb. A. Cruer stated that ther% ould bel uarantee when, the “ str%g g
eth?d was used that the t nk she a% e true c&rcle on which the subs g é
calculations were based. IS ogrnront e internal-diameter measurement met
was preferable as it drsclosed any deviation from the true circle.

Mb, Stokoe replied that so far as he Wa Ware theresults %rven bY e two eth%
werern very close agreement. Pea gree zﬂ tanks mightnot be tru crrcu ar
the “ch anr%; in area resultin fe Hcrty was surprisingly_small. . The

straﬁ (g "method was ve [y used an e American system 0 strapprng
when the tank was full shoul tend 0 reduce errors from this source.

Mb. Clueb asked whether any difficulty had been experienced with water settling
on top of oils with extremely high specific gravities, and if so, how was the quantity
of such water measured.

Mr. Stokoe replied that although an ordinary water-finder provided with water-

finding paste could be us d b uspen rn it 1n the oil, it was us aIl drffrcult to
Btar plsear readrn% tﬁ/sb ﬁerres t? couﬁ’d sometimes Beo t/ted usrng
Water In aper and va rme of immersion. Similar d rcu ties aros

nmeasurrn reosoie an he belreve It was fairly commonpractrce In such cases
to rawaserreso samples—for example, every 3inches—for water content estimation.

Mb. H. E. F. Pbao stated th tsomeyearsprevrously he had made calcu atons to
esgm te the error introdyced when a tank she rt) ed fronLthe yertrca roug
subsi ng oun atrons wrt the conse uentalteratr ofthetan section rom a circle
1(0 anel se. He foun é at a subsi enceo oot on, one sl eofatank about 100
eet nh ra eter pro an extremely small canqe in cross- sectrfna %

With reference to t e estimation 0 water duan ities, the usual method was to
a fle to middle, and bottom.; but ethod was nat infallible, a“nd did not
a] ?/s truly rep resentthe condition ofthetan contents. On occasions, * layering
ad led to deliveries of material which was off-grade on water content.

Me. J. K, Tubneb asked if the mechanical friction inherent in floating roofs would
result in false readings being obtained.

F] Stokoe feplied that twhrs was,a possible sorirce ofe]rror the effect berng influenced
by the rate of ?umprng the conditions prevailing when pumé)rng stoppéd the
construction of the tank and of the roof shoe.  Thé error should not be Very serrous

Me.Turner said that he had seen a direct reading meter used to measure deliveries
by road wagons at a filling station, and asked why such meters werenot more generally
used in refineries ?

Mb. Stokoe replied that there were various types of displacement meter in general
use for th eép H) e Indicated, and these %rf eared to %ve very satrsfactory s%rvrc%
In” refineries, however, measurement probléms were more com ex, and “alt %%
meters were very convenjent gor many Purposes It appeared t a[ the reason t K
were not at present used in refineries to the extent envisaged was largely a questio

Mb. V. Biske asked if the capillary effect when dipping thrqugh gauging tubes
in Pressur tsalnT< requrrie corre%t!onyand it varratrdoRE r? cap(mgry ge#gctgdue to
etting of the tube would cause errors.

Mb. Stokoe replied that the dip-pipe was usually of sufficient diameter to ensure
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t the capillary effect I that | difficult
D S 15 B, 6, g o iy i e

Mr.A.N.Holmes asked why electrical devices were not commonly used to deter-
mine oil-dips ? Was it a question of cost, safety or accuracy ?

Mr. Stoﬁoe stated that the qugstlon Was understood to [efer to f\ at 0 erateg
8au es. .There was a device on the market com nsm a float trave E
lﬂ ewa |n5|det e tank, the float re |n em transmltted to tance
eIectrl a A} suchasystem as dou tes Y convenient to use, his own
reference was for t F normal form o 9 Pmag graug f had been known to
tick, and were usually accepted as appfoximate indicators on

Mr.R. umess sked if there was ap jection to the mercyry-type hydro-
static gauge of which the * Pneumercator gv & (flnknown exampl1y ype Ty

Mr. Sto oe I8 %that in pr|n0| le the s st P [frlsed th%measurement of a
np]er% ¥1 umn whic Wasarra%e oba anr“vet ifcolumn'i tetari Owin
|Og rﬁensny of mercur Inch o 0l m| h corr gto as little as 1 00

He mercurgeg Hﬁntn an ? rlOHOSSS ll%ht feere% l“ %et%)egn tWheorI'gSS }%mﬁe{ﬁgu&gn}f

vapour space an 0s here Satls tor res cou be obtained,
Ft)lnstrB nts é % Be care?urﬂ aemf;ne sta yrh used ang ﬁ necessary
correctlonss ould be applied when calcu atlngt e0|Iwe|g t or volume.

Mr.M then asked if it was necessary to use mercury, Could not a pressure
gaugre be Used Which would give finerre dalngs){han could be gbtamed with mpercury

Mr Stokoe replied that other types ofhydrostatllc gau e were avallab‘e emplosyln
pressure ﬂe ast] g measuring instrument mR % a mercur olumn

au escov doub dlg e constructe %lvdeé Hergraﬁduatlo su gebsted T
e actual accurac measurement woul P n the accuracy obtaina
under working con |t|ons from the various types o ydrostatlc gauge.

yams, iN rothosm a vote oftganks to Mr, Stokoe, reviewed the rogress

made m oil measyremen emPhasue that In spite or.the a arent sta % tate

of. allbrﬁtlon %d easurement, Im rovemenfts were continually bein ? P t.

?al much for the old methods and paratusd hh had remained in satisfac orly 3
0r.S0 mannX years, He wasBIease to refor that Mr. Stokoe wasai)rommen an

actdve m n? i Oﬁltc e\n,zri]sSteE) i eoratrne o cStluveCO\r/nth]Httt ee Ocnor(r)es Ié)/lnzdalsnurement
mittee g}ph gA gvTM on standpardlzatl%n o%m?measd/rementapparatuspan m%th dn
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CALIBRATION OF CFR. REFERENCE FUELS

Calibration of Secondary Reference Fuel 57.13 + T.E.L. by C.F.R. Motor
Method I.P. 44/45 (T).*

By Sub-Committee No. 5 (Engine Tests) oe Standardization
Committee.

reference fuel C.13 plus incr$ments of TEL,

The calibration of seconda
erence fuels E.5

r
has been made on fourteen gngmes against blends of re

nd C.13 clear. A curve of C.13 + T.E.L. versus Octane Number (see

ure) has bgen optained from this. data, u%lng the_calipration of F.5 In
3 prepared by the Mator Fuels Division o the C.F.R, Committee. The
ation Is presented n the accompanying table for laboratory use.

al
1l
C.
call
* Paper received 11th April, 1945.
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Octane Number Calibration T?ble folr Ip.P.galYlotor Method C.13 + T.E.L.

(ml. per Im
TEL. Oct.No. TEL. OctNo. T.EL. OctNo. T.EL.

A sat sfact rey feature of the average data ob alned is that two points
g Motor Fuels D|V|S|on of t?b m evyor chec
anSme ndltlon—wz 80-0 octane num S. qal.
C.i3—are

0 octane number = n]1
most comm ent with the curve establl shed.

Oct. No.

N







