CONTERTS

Q.

#

ol ol
#

®
*
i
=

& &
EREN
@ **
g
+

%

k]
L

o &y O I Oy O
§ % *

AT LI R WE R A% I

@ %

geoupetional heelilh and safetly

Purnose

. Applicetion

Theory of operstlion and design
Specifications

3atting up

Unpacking and inaﬁec%ian

Instelling the laboratory precision celorimeter
Heat ezchangerx

Gas and water connections

Hounting the air» hpeidifisx

Ingexrting the burnexr

¥itting the thermometfer

Preliminaries prior to setiling the
calorimeter into operation

Gas metex

Levelling

Leakege tost

Sealing licuid

P1iling the hesl exchanger with water
Setting the gss zeter

Adjusting the burmer and pressure rogulator
Freliminariss prior to csliorimetric analysis

Calorimetric analysis o5n zZasey

Procedurea o be ocbaerved

Calculating the zreoss and net ﬂ&$e“iaig values
Correctione to be made after ans
on teat ges

Page

1Q
1C
¢
10
10
11

44

11



9.
9.1.
9.2.
9. 3.

10.

11,

Accegsorien gu§plie&

Inspectlions

Daily inspection
Monthly inspection
Quarterly inspection

Troubléshooting guide

Setting the celorimeter out of operation

aboratory Precision @aleriﬁeter for Ldaguid Puels

Qs

1e

2e

3.

bale
b‘ 2-

b. 3.

heslth snd safety

Oceupationsl
Pﬁrﬁcﬁe.
Application

The#ry of operaetion and design
Specifications

Setting up

Unpacking and inspection

Installing the laboratory precision calerimeter
Heat exchanger

Water commections

Fitting the thermometers

Precision balance with pressure vessel

Preliminaries prior to getting the calorimeter
into operation ’ ?

Filling the heet exchsnger with water
Installing the precicion balance with

preggure vessal

Setting the pressure vegsel into operation

Pare
2

22
22
23
23
23

24

26
26
26

26

28

29
29
29
30
30
30
31

31
31

32
33



6&41 Preliminerion 33
T e Calorific velus anslysis on liquid fusels 34
T.1. Procedures to e obmerved a4
Te2. Caleulating the gross and net calorific

values 15
Te3s Salecting the appropriate burner nozzle

and replacement - 36
Teds Test on fuel miztures 37
TeBo Precautions when analyzing different fusls 37
g2, Accegpories supplied - -

-

9, Setting the calorimeter out of operation ey
10. ‘Inspections on the calorimeter pricr to

getting i1 inte operation or while rTuniing 14
10.1. Daily inspection 39
106 2. Annupl inspeciien 39
10. 3. Clesning the hest exchanger 40
1. Troubleslbooting guide ' 41

. Laboratory Precision calorimeter for ligquid and gasecus fuels

1e Purposs ‘ 4z
Qe Acceasgories gupplisd 42
3a Iinstalling the laboratory precision

calorimeter 43



laboratory Precision Calorim

0, Oecunationsal

The occupational health and safety is réierre& to in
gections 5.,2., Sebe, 5.64, Bol1e2.4 5.3., 6.4, and 6.5,

1« Purpose

The complete combustion of fuel gases or fuel gas mixtures
produces s certain amount of @@mb@g%i@n‘h@at which depends
on the gas compoesition. Thi

called "Gross calorific valuse®, @h@r&f@fag a fuel gas ia
svaluated by diectly anslyzing ite groes calorific value.
For carrying out single analyses, the laboratory precision
calorimeter is used providing an scouracy umnmatcehed until
now,

2. Application

The laboratory precision calorimeter is to analyze gross
calorific values or all industrial combustible gmses and
may be used

.= a8 a refersnce or meﬁitafing instrum
" gap producing
recording ealorimeters installed

- for controlling test or boundary gases in plants developing

oxr producing burners, thst utilize thess gases

- in research institutes or dev&iﬁgmaﬁt stations utilizing
fuel gases



The gross calorific value ana] P

nation of the guantity of w&terg gag volume, and temperature
d4fference., The grosm calorific valus is calculated sccording
o following formmla: |

whers

My = QRantifty of water in kg
3

V@ = Gag volume 1n m

apance in X

tA = Temperature dif?
QS = @rcssrcalorifie value
Cyg = Specific heat of water {4,187 kJ/kg X)

The grose calorific wvalune is direcily analyzed by using the
laboratory precision calorimeter. The heat produced by burning
- the gas ia transferred to ths water continmuously sirculated

in the calorimeter. Once the heet sxchange hes entered sieady
conditions, the heat conducted by the water will be equal %o
vhet generated by the burnming gas. Calorimetric amelyses on
gages requlire geveral Individusl devices, which inferactions
and use of are shown in Flgure 1. n

The gas enters the water-cooled gas cooler 1 passing inlet
gocket 2, while the water enters the colling Jjacket through
inlet socket 4. This arrangement causes the gas to taks on

the temperaiture of the inflowing water, which is a necessary
requirement for a uniform and accurate calorimetric analysis.
The gas then passes the precision gas meter 5 belng necessary
for volumetric determining the quantity of the gas requirsd.
Next, the gas enters the gas pressure regulator 6 which providas
& continuous gas flow to the burnsr 7.



The water flows from the outlet socket of the pracision gar
meter B to the overflow 11 passing the tube 9. The overflows
included in item 11 ensure that a eufficient amount of water
will be dirvectly led inte the hent exchepger 0. The remeining
water enters the air humidifier 13 after pmesing the tube 12.
The air for combustion required by the burner is saturasted
with water vapour in the eir humidifier taking om the tempera-
ture of the water fed into the gas cooler,

After the amount of water required for calorimetric snmlysie
hag been adjusted ueing batching cock 14, 1t is heated and
“then led into & meassuring vessel pagsiﬁg,th@ drain cup 1%

gnd & three-wny cock 16. The temperature difference between
the gons cooler {(cold) waler inlet and {hot) water outlet
rvegqulired for cslculating the grose calerific wvalue 1s obiained
from the lempersaiure readinge of thermomelers 17 or 18,
regpectively.

The waste gas produced by burning the fuel gas 1g discharged
into the atmogphere through outlet socket 19. The thermo-
meter 20 is to measurs the waste gas tempsrature. The heat
exchanger is fitted with = specisl conmsctor 22 for dis-
charging the condenmate. The gas melexr is filled using
commector 22, |

4, Specifications

Site - A light woom, free of draught,
with heating fascilities. The
apparatus must not be eéxposed
to direct soler radiation.

Space éequirementa - Flat worksurfece, 0.8 x 1.5 m

Total weight - approx. 23 kg

Envivoummentel

femperaturs range - - +10 90 ¢ +35 °¢

Water tempersture -~ Preferrably 3 to £ K bvelow

room temperature



guantity of
water required
Gas pressure required

Gas supply
Aeter supply
Time responge
Dead time

Baif vaiaa time
98 9 time
Bryor

Heasuring ranges
Clags of applicetion

Approx. 50 litres per analysis
Min. 500 Pa
Max. 800 Pa
PVC tube, 10 mm inner dismeter
PVC fube, 10 mm inner diameter

3% gsecs to 200 seca, depending on
measnuring range szelected

Dead time +320 secs

Dead time 495 gecs

+0.5 % (when sdjusted afier

test gas analysis)

Refer %o Table 1

=10/ +3%/ +30/ 80/ 1101

Table 1
Ref. Type of Recedmum Gag Dimmeter Burner
Fo., gasg calorific throughput of burner head
value (dw”/min) nozzle for
(M /m? )  (um)
1 Generator .
gag 6.5 12.5 4.8 lean gas
2 Waisr gas 11 8 2.9 Normal gzas
3 Town gas 17 5.5 2.4  Normel gas
4 Remote trange :
misgion gas 21 4.4 2.1 Normal gaa
5 Coke oven gas 23 440 2.0 Hormel ges
6 THNatural gas 42 2.2 te7 Normel gas
7 Rich gas/lesn
gas mixtures &5 1.7 1.6 " Rich ges
8 Rich gas
mixtures £9 1.3 1.4 Rich gas
9 Rich gss "
mixtures 126 0,3 1.0 Rich gas




5, Setting Up

5.1, Unpacking and Inspeciion
The epparatus iz unpacked and inspected for any demages. 411
parts and components delivered are checked for completensss

&g gpecified by the acknowledgement of order,

5.2, Inastalling the laboraiory FPrecigion Calorimeter

Far inatalling the complete apparaltus a flat workeurfrce of
about 0.8 by 1.5 m is required. The mite should be & light
and dravght-fres room with heating facilities available.

Hote the calorimeter not to be exposed fo direet solar
radintion, Users are advised to se!l up the individuel celori-
meter components in the order shown in Figurs 1.

A sufficient alr reversal muet be gusranteed in the rdom
without suny draught. The bench surface must not consist of
flammaehle materiml. Otherwise 1t bas to be covered with e
protective chest mede from fire-rssistent material. Fo
inflammable objecte should be pleced.on the bench.

Bs3, Heal Exchanger

Insexrt the feet in the appropriate places se well zs the
P-ghaped connector 23 acecomodating both the sir humidifier
connector and the burner. One hoge each is connected to both
the thrss-way cock 16 outlets (refer to Figure 1) providing
water drain, }

5.4, Gas and Water Connections

Hoses ave used to supply gas or %&fer to the unit as wvell as
ts cormect the anelyzing spparatus snd the heat exchangsr to
each other. All hoss connectlons are mecured by hoee clips.



In order o Y%sep both presgure and tempesraturs of the inflowing
water 8 constant as poasidle a storage lank having a capascity
of about 120 litweg can be placed approximstely I3 m sbove the
cailvrimetsr and the water fed from there. A float valve can be
ingerted providiag a mean of conirolliling both water level and
feod, I? neceasary, 8 thermostat can be ingtalled to ensure a

e

constant tamperature of the water enterizg the calorimeter.

3.5. Mounting the Air Humidifiey

nger overdliow

3,5, Thxerting the Burner

The burmer Lg inserted into the T-abaped comnector. Note the
aprropriate burner snd dburner znozzle to be installed as A
required Uy the gross calorxific value, Tmble 1 showg thé
various zeses and grosg calorific value ranges as well as

the Beference FHumbersa, The refesrence number corrvseruaonding to
the moszle dismeisr is impresses on the surface of ths burner

nosEle,

Fgvres 2 through 4 illustrats the thyes {ypes of burners
avallable.

5.7 Pliting the Thermometers

The theimometers 17 and 18 are fitted into the apertures
provided im the hemi ezchanzer cover using the rubber stoppers
suppiied. The thermomeier 20 is inserted inic the waste zes
ouslet in the same waryv. The Yhermometers are sdvised to be
greased slightly in order to facilitese nushing the rbbsez

gtoppere onio the thermometers.

Haxe sure that the merxrcury column is not disrupted bvefore

lusertisg the thermsometers inte the healt exchang

L
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6. Preliminaries prior to Settims the Calorimeter

into Operation

Following checking procedures have to be carried out on all
devicen included in the apalyzing apperatus before setiing
the laboratory precision cslorimeter intc operstion,

- 6,1, Gas meter

6.1.,1., Levelling (Figore 5)

The precision gas metér (Plgure 5) is levelled at ite gite
using the setiing serew 1 at the base plate until the bubble
af the level will be centred.

6.1.2, Leakaze Tegt and FPilling the Monometer Pipe

"FHow the instrument is tested for lesksge, Coloured water is
introduced throngh filler neck 3 using 8 pipeite until the
water level will have resched the zere mark on the manometer
pipe 4., Thereafter the water level is adjusted to zere using
setting screw 5.

The gns flow is stopped by & home c¢lip plsced nsar gss 'outlet &,
The hose conpection at the gas cooler gae inlet is disconnected
and replaced with a mouthpiece fitted with & home clip. A
pregsure of 1 kPs above the atmomphere 1s produced in the gss
meter by blewing snd the gas inlet immediately cloged using

the laboratory hose clip. The manometer reading must not drop.
by more than 30 Pe within 5 minutes 4ime.

6.1.3., Sealing Idquid

After the leskage test has heen carried out succesgfully,
all hose connections ars restored and the sealing ligquid is
f£illed into the precision gss meter. For this purpose, the



i

protective cap 10 I3 removed From the overflow at the rated
ievel and the cock 171 set to "Prilfen™ /Tegting/ nposition
{refer to Plzure H).

Any zremge or lubricant must be removed from The messuring
tip end IThe adge of the overflow uging petrol or soap
aolutiong, The scale frent ring 7 ks remcved by twisting
of? and the instmment poinier moved carefully up to the
triangular red scale merd.

¥ater is used as sealing ligquid, For Pilling the water, the
secrew cap on the filler is unscrewed and the wmatar having a
tempereture of 3 to & K helow the yeoom tempersfure fed inte
the gaé meter. The Tiiling operaiicn will be coupleved as
gocn ap the useiing liquid ievel in the ralted value sverflow
resgol is slighily bulging{convexr liguid meniscus) and the
index 12 im the overflow ‘ust touching the liquid surface,

How the sock 11 iz gsetv fvom the "opiifen” /Mestiug/ to the
Mairich™ fOperation/ positions, serew cap 10 firtel, scale
front ring 7 atiached %o the precision ges meter, scld filler
3 slosged by cap 10

fheck the semaling liquid in the overflow once again and, i
necegaery, adjuss after vhe gas neler nag rotated several

timans,

6.2, Pilipg the Heat Txshenger with ¥Uater

The three-way cock 16 on the heat exchanger 10 {Figure 1} is
get te the "Abwasser® /Drein/ peazition. In this czase, the
paftehing cock iLs put to "0Y., Once the shui-off valve in +he
weter supply lins 15 opened the hatching cock is aet to
meale mark 4 in order to prevent alr neockete from developing
by sicw watesy nflux intc the heat exchanger, while i1 ia
being filled. The water £lcow zhould not Yo stopped as ldng
ag bubbles ars ssen forming on The surface of the water in
vhe drain vessel 5, How, *he shui-of? valve in the water



gsupply line 'is eclomed again. Weter must not come oui of
sutlet 21, otherwise there wlll be n leskage which muset
he eliminated immediately. ‘

§e3. Sotting the Gas Meter

The burner ie removed from the heat exchanger, Then, the
main gas valvse in the gas supply line ig cpened. After the
gas meter drum has rotated two or three times the hurner is
extinguished by use of the hosa «lip thue getting the sir
displaced which 1s trepped in the gas meter. At the pame
time, a8 pressure balance will occur in the ges meter indi-
cated by the pointer continueing to rotate siowly for m
ghort time after the hose c¢lip bes beesn cloged and then
coming to = standstill.

In case thie will not happen, the gas system muct be lesky.
Refer to Bection 4.2. for eliminating leskages.

THE PRECISION GAS METER I HOW READY FOR OFERATION,

6s4. Adjusiing the Burner and Fressure Regulator

The hose clip at the burper le opened sgein and the ges
lighted escaping from the burner head. The adminsion of =sir
is adjusted so as to obtain a roaring flame with & blus-~
green cone. The ges consumption ig controlled using the
getting moerew 2% of the gms pressure repuleitor 6. Readijust
the flame as descyibed sabove, if necegsary. The burner
sontinues %o operate ocutelde the heat exchanger.

6.5. Preliminaries prior to Calorimetric Analysis

The shut-off valve included in the water supply line is
opened again. Then the batching cock 14 ipg adjusted so that
a continuous flow of water of 1.5 + liires per minnte is
cbtained, The watexr throughput is determined by collecting
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“he weter into the measuring vesssl {2000 amg} in ons minutes's
time., The meastiring vessel is laced below the threeeway cock 16,
which must be met Lo the appropriate pesition. Therealtsr the
mpiner 18 ingserted 1n the hest sxchanger and the zgas flow readw
justed 2% the gms pressurs controiler & zo that a tempersture
difference At beiwean the cold water inlet (%WE} and the hot

saisyr outhlal {tﬁﬁ} of

&‘t = tigﬁ = ﬁWE = 10 PP 11 K iB Gbﬁ&iﬁ&da
Here the temverature reading t%g {approzimately the sume ap
that of *he woter contsimed inm the siorage %tank as per “
Zeation 5,43 should be 3 to A % below the calorimeter anvirone

-

amental tempersiure.

in cage the flame isg exiinguished afiter inserting the burﬁer,
gefer_ﬁs the troublesghooiing zuide {(Secition 110.%. ).

ADTENTIOR

¥onen unburmed gez :scaping from the burmer happened to get
inse the heat exchanger, 1% has o be hiown by alr before
inserting ~“he burner again.

T, Calnpimetric Apalvsis on Onees

Tala Provedures to be observed .

The temperature difference found in the way as described

urder Section 6.5. is continuously observed. The heat exchangs
wiil enter gteady conditions after approximately 8 to 10 minutes
have elapsed. At this time, condensate must steadily drip off
the ocutlet 21 {(Pigure 1), while the threeway cock 16 (Pigure 1)
is s5%ill remeining in "Abwasser® /Drain/ position. |

Supgequent analysis and readings are advised- to be performed
in the opder given below,

Lo



T.1.1. All valuesn b%img quantifiable in advance {(=.r,
baremetric pressure, room tesosrvalture oin. )} should be
entored into the calonlating aheei {(refer to Section 7,3.6.)
prior to comencing sn enalyala.

7.1.2. Any snalyais or reeding ere startsd st the moment
the gans meter poinisr 1a pessing the full 1litre red merk.

Tele3, Determining the Quentity of Condensate

Read off %the actnal ges ne ser reégiﬁg ¥G£% apd aimul taneoualy
place the messuring veassel 100 am3 below the draln ontlet 273,
After more than 40 om° of sondensate have beewy collected,
remove the messuring vesse]l Trom below the outlet and rend
off the goag meter reading ?gg% at the momeni the gos metery
pointer is passing the litre mark for the next. time. Fnter
VQEQ and ¥Gé§ readings into the celeulating sheet. Determine
the quantity of collected condemeats in grams and erter the
velue found into the ¢aloulating eheet.

Telede Following gan volumes Vas = Vi, are burnt in the
courge of an enslyzing perind:

Ref. Ho. 1 ? 3 th?cﬁgh 5 & through 9
VGE 20 15 19 5

Tel.%5. Flace the colleciing vepsel for the flow water below
the outlet of the three~way cock 16,

For determining VGAQ’ get the three-way cock to YMesgsen®
fMensuring/ and immediately start reading off the tempera~
tures shown by thermometera 17 and 18 as soon as the pointer
will pass the 1itre mark. 10 themmometer resdings are reccrded
and entered into the ealculating shest in sach measuring psried,
Remet the threes-wey cock st the 2nd of cach measuring periad
when the pointer is psssing the litre mark.
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the weter into the measurine vessel (2000 am3} in one minutenis
time. The messhring veseel ig olacsed below the threeeway cock 16,
which muset be met fto the approprialte posificn. Therealter the

suimer ig inserted in the heat sxzchanger and the gas flow resde

justed &t the gzas pressure controiler & g that a temperaturs
differenmcs A% belwsen the cold water imlet (T.p) and the hot
“

waber outlet (%) of

&
Here the temperature reading ty. {approximately the mame aa
that of *he water containmed in the siorage tank as per '
Isetion 5,43 should be ¥ 40 6 X below the calorimeter envirofe
mental tempersture.

4

n sage the flame is extinguished afier inserting the buruer,
refer %o the troubleshooiing guide (Section 110.1.}).

ATTENTION
Zeg sgeaping from the burner happened to get
inte the heat exchanger, 1{ has to be blown by air before

inserting *he ourner again.

T, Calorimetric Anslvais on Gases

7.0. Peocedures to be observed .

The temperature difference found in the way as described

znder Sectionm 6.5, is continuously obaserved. The heat exchenge
#ill enter steady conditions after approximately 8 %o 10 minutes
have elapsed. At thias time, condensate must steadily drip of?f
the outlet 21 {(Figure 1), while the threewsy zock 16 (Pigure 1}
i3 5till remeining in "Abwasser® /Drain/ position. |

Supsequent anslysis and readings are advised to be performed
in the order given below,

15



T.1.1. A1l valuenm baimg quantifiable in sdvance {(=.r7.
barometric presgure, voom terpsarabure oin. )} should be
ertered into the caleulating sheel {refer to Section 7.3.06.)
prior to commencing an apalysis.

T.1.2. Any analyeis or resding asrve started at the moment
the gas meter polnter im passing the full litre red merk.

Teleds Determining the Quantity of Condensate

Read off the actual gee nmeler raeding ?éﬁg apd aimiltoneously
place the measvring vessel 100 cm3 below the draln outlel 71,
After more than 40 &m3
remove the measuring vesss]l from beleow the outlet and rend
off the gos meter reading Vopy AT the momsnt the gas meter
pointer is passing the liire mark for the next time. fnter
g&EQ and vG&T readingsz into the caloulating sheet. Determiue
the guantily of collsctied condensais in grams and enter the
value found into the celeulating sheet.

of condensate have beep collsoted,

T.1.4. Following gan volumes Voo = Vguo BYC burnt in the
course of an smalyzing perind:

Ref. Ho. 1 2 3 thrsﬁgh 5 & throngh 9
T1.5, Place the colleciing vegesel for the‘f1QW'wa%@r below
the outlet of the three-wuy cock 16,

For determining VGAz, get tho three-way cock to "Megmen'
fHeasuring/ and immediately stert reading off the tempera~
tures shown by thermometers 17 end 18 as soon ss the pointer
will pass the litre mark. 10 thermomster readings ars reccorded
and entered imlo the caleulatipg sheet in each mesmsuring poriod.
Resget the three-wey cook st the epd of esfch mespuring period
when the pointer is passing the 1iirs mnrk.
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Bote the 288 congumption Vﬂg a V@EQ - ?G&h to “e kept
according to Jsction 7.2.7. and enter it into the ealculating
gheat,

Te1:56, Hoxt, detzmmine the corregponding amount of the
collected flow water in grams by asccuraitely weighing it
{the maximum errsr muat not exceed + 1 2) and enter Lhe
ralue found into the salculating sheet.

T+1.To The procedures descridad above cauge the heat producad

. ing the gas to be transferred to the flow water getiing
hot via the waste gue, which is alwmost completely cooled do
to the inlet tempersiure of the iest gas, air or water. The
neat of condensation of She stesm genersted by the combusiticn
ig transferrsd to the flow water in +ths same way, *thos ellowing
& complete groass calerific walue ansiyals.

7:2. Caleculating the Gross and Wet Calordfic Talues

T+2.7. Both gross sud net calorific values are obiained by
uge of the formulee mentiomed on ths calculating sheet
{page 29},

Ta2:.2¢ The values calcoulated *his way include an abselnte
grror of +2 %, which is loaded with a reproducability error

of up o 0.5 % provided calibrated thermometers and gas meters
are used and correcilons made as gpecified %y)the instrument
test certificates.

7.3, Corrections to be made after inelysis on Test (as

Te2ale After the gross calorific wvalue of a test ges has
veen analyzed which the gross calorific value of is sxactly

known, the test ges grose calcerific walue QS? to the analyrzed
value ng ratic is the correction Lactor.

477
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7.3.2. When values of the gae o be analyzed sre delermined
in the same way and muliipiied by fb? errore oaupssed by esch
individual component of the opparatng {(gas meter, tharmo-~
meter, heat ewchanger) will he surmarised snd, thsrefore,
corrected so that s 11ttle subjsctlive error only #1l) Temain
related to opereting the calorimeter.

The total error can be reduced up to +0.%5 % {pevhsps with

-the test gas wvalue included) by this method.

However, this result in scourecy %111 be obtained only if
both water throughput sand heaking ave adjusted according %c¢
Section 6.5 and, furthermore, a constant difference between
the everege temperatures of water snd enviropment isg mein-
teined. ’

7.3.3, High-grade methane gag CH, nontained in s gags cylinder
iz used as test gee which the coniamimsnte of muast be koown
from the accompanying certificete in srider fto aliow the tabulaer
valus of Gs = 39820 kJ/mE to be converted to the sitandard
condition, '

The corrective factor determined thie way ls appilcable %o
the measuring ranges from no., 3 on, since the very 1ittle
gag meter error mey he included in the akove mentioned srror.

Te3.4. An additional error will avise when the averags

water temperature 2iffersnce (th = ¢ wé%ﬁd ﬁR pbbained

weg *
while analyzing the grose calorific value {:{twm - By }

differs from that observed while detemmining the corroctive
factor [{t, - tplp ]+ The grose calorific value analyned

can be adjueted naing the correetive fuetor Foo
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Te3e2. Fhen wvaluen of the ges tc bz anslyzed sre delermined
in the same way and mul fiplied by fb, errore cauged by eech
individual componsnt of ths eppsratus {(ges meler, thermo-
meter, heat exchanger) will be surmariged and, therafore,
corrected mso that a2 1ittle subjsctive error only will remain
related to operating the calorimeter.

The total error can he reduced up to +0.% % {perhaps with
the test gas value included) by thies method.

However, this result in scenracy will be obtained only if
both water throughput end heaking ere adjusted accordirg o
Section 6.5 and, furthermore, a constant difference hetween
the average temperstures of water mnd enviromrent is maine
tained, '

7.3.3. High-grade methane gas CGH, contained in a gag criinder
iz used as test gos which the contaminants of must be known
from the sccompanyling certificete In srder to alliow the tabnler
value of GS = 39820 kJ/mE to be converted to the atandard
condition,

The corrsctive factor determined this way ia spplicable to
the mesguring ranges from no, 3 on, aince the very litktle
gas meter exror may be included in ths above mentioned srvor.

Tedehs An additionsl error will svise when the average
\ a AL
water temperature differsnne (t%m = Sgn + ) ) tp tbbained

while analyeing the gross celorific value [ (4, - %R)M"¥

differs from that observed while dstermining the coarractive
factor {(twm - tR}B} . The gross calorific value snalysed
can be adjusted using ths correetive factor fg.
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.5, Eramvples

=

a) Teat ges CH,, conteminants (H25 00y, 0,) = 0.25 %

Tabular value Qg = 39,820 k&me %
~0.25 % = 55 ¥J/m° )

. ,, , ., magm
Tegt gag valuse g = 39,765 kd/m ; atandard
Affer ansiyals on : condi tion
abcve mentloned . §
seat zes Qg = 39,525 kJ/a’ )

o 39, 765 ooy
Jorrzeciive factox £y =3 mie ¢ 1,001 (= C.61 %)
- ar

Fhe e :

Foom tempersiure tp o= 23 %¢

Water inlet Temperaturs tWE“ 19.00 ¢

Weter outlet temperature %ﬂAs 26,60 °o
+ S v ~ =

At wa T ORA 0.6 %

ST . = 24,3 ¢
] H 2

v - S

Yrwn T o'R/B = 1,3 X

2) Aralvsis on Town zasz

Qe % = 10,950 kJim3 {(in standard condltion)
~d iwl

where

t = 22,30 92

R )

tm = 1 9@ §{§ {3

%-f".y‘,\ = Bad Q{} QG
LY

At = "::,HA = ”JHE = 10.50 K, "ﬁm = 24,75 °c

(tym = Fndy = 26.75 °C = 20,30 °C = 2.45 ¥
Fom 1w [{hy o~ Gl = (T = toda ] - 0.0005 X7
I L% = Taly = (g = taln | 0.0005 X

1

2 1 + (2,45 ¥ « 1,3 K} » 0,0005 T7° =« 1,000,575



i

Corrections o he mpade:

- £

ok " %,n " Tp ¢ T2

= 16,950 « 1.0061 « 1.000575 kJ/m> |

Qs,nk

Qg e = 17,065 kJ fm> adJusted groms cnlorific value
xw;mmmﬁmmmﬁmxxzmmzmw urder ptandard cendition
Erroxr:

+0.% % = +85 ©d /o

T:3.6. Calculating Sheet for laboratory Celorimeter Serdal Ho.

Corrected barometric pressure D ™ evwessensennce KFR
Room tempersture t % wececmassancne OO
P R
Pregaure in gas meter Pg = esoncsncnanses klFa-
Temperature in gas meter t 2 vrecercnsnonas OO
L G
Saturation pressure at t, Pp = sesavssnoneacs kFn

" Factor for converting to O %a. 101.325 kPa
101.325 kPa (273 %2 1 t,)

Fo= 5

R

o)

Caleulating the heat of condenpation

Gag meter reading at start Vapqg = eoeovroaccsl
Gaz meter reading at end Vomy = seccvenaecsl
Haes of condensaite collected My = soeveccsseeld
Volume of burnt gas Vg1 = vGB? e ?GA?

F cevezessvas |
Heat of condensation per 1 mo
of burnt gas . 2.454 kd/fg - my

8 Va1 © Ty

= enennaeeenes KI/mMO

Goa meter corrective factor £ T aerseescoans



calenlatine the

net caiosrifioc value

Gag volume mezsured
Temperature readings

e

«
L ]
L]
*

3
L]
3
&
&

Wl
s

«

%

®

.
WEBNE e s as s ana

wF
.
L
&
[

Hepetovsaosans

& o~
*
’
%

LR E |
"
&
.

»
ol

Arditimetio
aean

corrected

L
oA

o
h

Watar beatiag

A
T o= -

&

Aaten

calaorific walue

mxg i _&t *
S Vg vt
(unzeducad )

Sroan

Gy

Arithmetic

Het celomific vwalus

TR

¢ - .,
LcWRledusaal

L # &
® » =
-] a %
- " ¥
& ¥ &
= LI
- L
& LI
* .
L * @
= w ow
® L

# &8 % W g

-

]
i3

xoﬁiq.’gssw“-*.

TY TTT

i iy ek

.
wg twa
in °g a %¢

* & 8 % & & & % @ s LN B
L 2 a0 90 a IR A ] LN
* 7
& & B | F xR ®F @D R E- R
® & g ooy ow LR F
LI R I LI oow @
* & 2 Lol A B N B J & & » 480 & % G
] LR R NP B4 b Wy P LR
2 & & 2 s e e e IR L
LA L LN RN LR
L 4B E SR 4R "
E 2 I ] ER N A e o
PRRa. P E e taa. LR I + ®
» kil
& o 4 & F @& K ubéit&ﬁ.
4 -
ege-dgsw‘pg 7w o @ W ow Pay
s
N
L B B B 2 LR R N

- 3 ’)‘
F ¥ a0 EEE ‘{J{m"

¥
—.z
&k ook kt‘r,‘iﬂl"



Convert to 0 ¢, 101.325 kPa

« F

B =Y < Ty U s

Corrective factor fb

e P s T

b

2 ER N k%}’gme

QS,nk = nga

Correntive factor 52

b TR 4

Q,ne ® Y0 ¢ Ty

3
2 TR T ALY N 3?3[1’1

8. Accespories Supplied

1 pe of thermometer, +5 °C to +20 °C, zredusted in 1/10 %q,
with menufacturer's tesl certificate

1 pc of thermometer, +15 °C to +30 °C, gradusted in 1710 °c,
with menufacturer's test certificate (water tempersture)

1 pc of thevmometer, +20 ¢ to +40 OG, gredunted in ?/?S‘Qg,

with manufacturerts test certificate

pc of thermometer, 0 °C to 100 %0, (weste gns temperature)

pes of rubber stoppers, fitted with hole

pe component part for lean gas burner

pe rich gas burner head

kit of burner nozzles (9 pieces)

pe of measuring vesgssl 2000 cm3

pc of messuring vesssl 100 Qﬁﬁ

m PVYC hose, 10 mm immer diameter

pes of gaskets 14 x 18

pc opereting instructions

B o T W T V- S VN W SR . Y

9. Inspections

9.1. Daily Inepection

Check the level of the sealing liquid in the overflow at the
rated level mecording to Section 6.1.3.




2.2, Henikhly Inspection

Check the packling of the gas meter drum sheft. In case of
lsakage, top up the special lubricant supplied with the ga=s
neter. The hubricent may be topped up also while rumning the
zes meter {Mgurs 7).

¢.3. Quarterly Inspeciion

<

The zas meter sealing liquid and, Iherefore, the inferiocr of
the apparsztus will be contaminated %o 3 varying extent, depending
on the calorimeter use. AS a consequence, the gealing Iiquid
siould be replaced in a three montha interval. To this end,
Tollowing procedures have {o be nerdormed,

B.3,1, Emptving the ¥anomeler

The manometer is emptied by unscrewing the screw 26

ng the Sealing Liguid and Cleaning the Gas Meter

L
*

.
*
[R%
L]
rg
[ty
L
%«»«j
e
o3
}.J-.

Joth ges snd water shut-cff velwves are c¢losed and the gas and
water gorsw Joints loosened., Discharge the gag neter senling
liguid %through both the drain cocks. Hex%t, the ges meter is
ringsed for several Times using a soda golution., Caution should
ve uged when cleaning the ges meter in order to prevent the
irmam from zetiting damaged.

1, Trovlegshootinzg Gulde

10,1, Incompnlete Combustion

Check burner flame and pressure regulestor adjusiments first.
Then, checl the burner nozzlis being used for the appropriate
gize {(i.e., the Reference Number), which must correspond to

23




the grose calorific value {(Section 6,4.). Inspsct the ges
pasgages in the heat exchangzer» “ubesa for any ohatractions
cauged by depesiten.

10.2. Variations in Grose Calorific Valne

Exceagively high or low weter level ip the gas msebtery remedy
18 by checkirg the sealing liquid level 2t the nverflow at
the watexr rated levsal.

I.eaky burner hesd: remedy iz by inserting a2 new burner or
turner head. ' |

10.3. The Measuring Accurscy Certified is Hot Availeble

The three-wsy cock 15 is changed cver elther too soon or too
late, Thermometers ere not read off exasctly. Auxiliary
instruments are loaded with errors (e.g. thermometar Jnes
not work accurately, leaky gas meter).

Remedy: The procedurés gpecified by the operatirg inairuc-
tions ghould be strictly followsd when operating the calerl:-

meter., Replace faulty componenta.

10.4, Unsteady Thermometer Readings at the Water Outlet

Cauee: Irregular water inflow or poor mixing of the hesated
water; heavy variations in presaure.

Remedy: Insert a new water mixer. Mount a water storage tank
{Section 5.4.). Remove deponites ceuged by water (e.g. scsl~)
in the inner neat of tubes {Section 10.,2,).

11. Setting the Calorimetsr Out cf Operation

-

When the unit ig intended to be cnt cf use for a locger
period of time, the parts beving o metallic Ingter should be
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covered using asn acld-free oil and both heat exchangeé and
ges meter emptied. The thermometérs are stored in the cases
supplied. Comneciing sockets are closed by stoppers afier
discomnecting the hoees,

Table 2. Partial pregeure of sicam Py in the siate of
aaturation

gt o 1 g Fp Ty i ®p
(°cy (xra) (°0) (xpe; (°C) ' (xPa)

5 9,61 10 1,23 20 2,32
1 3,65 11 1.1 21 2,48
2 0,71 12 1,40 22 2,64
30,76 13 1,50 23 2,31
4 0,81 14 1,80 24 2,99
5 0,87 18 1,71 25 3,17
& 0,92 146 1,31 26 3,36
7 1,00 17 1,93 27 3,56
g 1,87 18 2,08 a8 ‘39??
g 1,18 19 2,20 29 3,00




Laboratory Preeisioﬁlgggerimaterﬁ@r Liquid Fusle (Pipurs 83

O, Occupational Heslth and Sefaty

The occupationsl health and snfety la referred to in
gections Beley Defey He3e, Te3e, and 9,

1. Purnose

Liquid fuels have a varying hest of combustion dapendinz on
their types and compositliona. This hesat of combusticon ism
analyzed ag the grose salorific velive. For asnalyzing this
valﬁe, the laboratory precision calorimeter is used offerirsz
an extremely high acourscy.

P s Apﬂﬁiﬁati(}ﬁ

The net celorific value snalysis is necesgsry in

«~ petroleum processing plants

- 011 refineries

- shemical plante, pavaffin plante, laboratoried
- methylated gpiritas plonts ]

- light or heavy engine kzanﬁﬁ, mobor vahicle industrles

-~ regenrch and development statione

However, only thogse vegetable, armimal, or mineral oiles csn
be analyzed which completely vaporize at a boiling poini of
250 °0 without leaving any carbon or cother reesidues. The
isboratory precision calorimetley cannctb be nged to snalyee
the gross celorific valune of refined colza oill, tung oil,
bone o0il, or mazut oll,

3. Theory of Operation and Desipgn (Vigure 8)

The gress celorific value of a iiquid fuel is cnelyzad by




determining the mass of wmter, Yhe mass sf toe fuel rmequired,
ind the temperabure difference, Ths ZPoss calorific 7elue ia
caloulated accerding to foilowing formulsa:

Q - P o ii ,.t - {31'
K

wne s

Grosg ozluriflic valus
Quan@iéy sf water in kw

Ali
[¥}]
1l

H

3
&

queniity of fuel bBurny in kg
at = Pemrmerature difference In K

£

L)
=4
:

P T
et

¥

i

0

dpecific heat of weier
The girogz ~alorific valuwe 17 & Ziguid fuel is directly
analyses by aging the laboreiory grecigiam calorimedtar in
the =ame way oz 1V ieg in anelrysis on gesesn. The head
produced Ly burrnlag the fuel is freasferred %Yo the satar

coniinuousiy ciroulalsd din the csiorimeter, Once tihs hesat
exchangs nas enlerszd svesady conditions, the Zsat conducted
oy the watlter #ill pe ssual to tiat genersted dy the hurnt

Liguid fuel.

s

Tuels iacliudes fhe hest sxchanger,

£

The calorimeter for Lliqui
areggure vessel with purmer, and sroecision belanges with
aceegaorias, Thely arrvangemant - illubtrated io Pigure 8,
e water enters the collecting vessel I paseing the pipe 2.
The overflows included in the sollecting vessel engure that
the ne=atd exchang@r is suppided with s auflicisni amoun
water. The remaining water is drained wia plpe 4.

Yhe liguid fuel reguired to heat ke Zlow mausr i gTosol iR
e

the pregoure vesgel 5 and moaved ¢ The Lurner, where v wil
ne gasified and burnt, oy 7 cerxtain vertregsure producesd DV

H de e G . e T om L < - am Al - .. %, ¥ £
The quantity of water to De ngnitsd 1 Tne hset czonanger iy

end negsed lnte fhe (13w

i
pur
i
m
@
Pl
¥
-4
2
5
vy
in
-y
3
iy
o
v}




28

oharging vessal 7 sa well en via the thres-way cosk 8 ints
a meaguring veppel, For determinlreg the tewmperafure 3ifferencs

batween the cold sater indestl and not woiter cullet,

indiented by thermometers 9 mnd 10 sre resd off,

The waste gas produced by hurning the fuel is dischsrged

into the saimosphers throvgh ithe waste ges putlet. Tha thermo-
meter 11 is to measure hhe waste gas temperaturs. The outlet
12 ia provided for dlechsyping the condenaate,

The prescision balenca is fto determine the amount of ligquid

fuel used by differential welighlng., The walue found leo put

inte the equation.

4. Specificatlons

Site

Space requirsments

" Total welght

Environmental
temperaturs range
Water temparature

uantity of

water required
Quantity of liguid fuel
¥ater supply

Brror
Weasuring renges
Jlass of application

ey

A light room, free of draught,
with heating facilities., The
apparatus muat not be exposed
to direet solar radilation.
Flet worksurface, 0.8 x 1.5 m
approz. 17 kg

+10 %0 4o 435 °C
Praferrebly 3 to € K below
room btemperaiure

Aprox. 3% litres péf enalysis
10 g per analysis
PYC tube, 10 mm inper dinmeter

%
Refer to Table &
A0 3% 4307 807 11071

temperatyron
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Table 5.

Trre of fnel Calorific value Jiameter of
(about, HI/m”) hurner neszzle {mm)

Rengene 42
Bengine 42
Lorcsens 42
Toiuene 43 0.2
Bengene /benzine
miviure 44
Zpuvwaleun 48
Ganoiine 47
21l of tmr@&&%iﬁé o 42 0.4
Methyiated spirit/ 1.0
wmathanel miziturs 19 - 25
Hethylated gpirit 21 - 28

23

Hethanol 17 -

b
-3
R

Lk

§ P S@tﬁim un

~.1, Unpacking and Inspection

The spparatus is unpaclked and inspected for any damages. All
parts snd components deliversd ave checked for completensss
ag szpecifiegd by the acknowledgsment of ordesr.

s ow tpstalline the Laborsiory DPreciglon Calapimeter

For installing “he compleis apparsits a flat worsurface of
about 0.8 by 1.5 n is requirsd. Ths 2itez should be = 1ighs

AR

ard drsught-free »ooy with unesting Jacilities avaliaole,
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Note the calorimeter nct 4o be Eé'.«‘.!j(*'.?..f)fi to dirent asoler
restlietion. Users are edviced Lo ank uyp the dndividual
calorimeter compcnents in the order showr in Figure 1.

A anfficient sir revermsl must be gnarantesd in the rocm
without any dremight, The ternch surfree mnot not congist of
Tlammable material., Otherwiaz 41 haa to be covered with =
protective shset made from fire-resietant material. No
inflemmeble objects ghould be piaced on the tench.

i1

. Heat PExchonger

-
-

Insert the feet in the appropriate places., For water drain,
one hose eachk 1s comnected to bnth the outlets of the

three~-vev cncic 8.

2:%. Walsx Conmectlons
'Me water gsupply is connected *n the heat exchanger 1 by
fitting # hose Lo the pip= 2, A storage tenk having a
capacity of ahout 120 litres cen be placed approximetely 3 nm
ahove the cslerimeter end the water fed from there in order
1o keep both pressure and tempersture of the inflowing wetier
es conelant ap possible. A float valve cam be inserted
providirg a mean of controlling both weier level and feed.
1f neceganry, & thermostat can he ingtallied to ensurs =
cengtant temperature of the water entering the calorimetfer.

5,5. Fitting the Thermometers

Muke sure thet the mercury colyvmn 12 not disrupted bhefore
inserting the thermometsrs into the heat exchanger. The
thermometsrs 9 and 10 are filtted inte the aparturss provided

in the hest exchanger cover using the rubber gtoppera supovlied.

'‘the thermometers are advyiged te he grsased olizhtly in crder
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A A S b st

te Tzcillitave pushing the rubber stobbers onto the thermometersz.

The thermometer 11 is inserted in the same way

5.5. Precision Balance with Prespure 7esasl

For gross calerdfic wvalue ansliysisz, the nracision balance 17
(Figuzre 8) ig prepered acccordingly. The left scale pag is
replaced by the pressure vessel using the suspension 4. The
sounterweight 1% is nut on the =ight scsle pan to balance
the mesgses. The precision balsnce is tared by usge of ths
smaller weights 1n order to cause the index to come ito zero.

h

« Prelimineries prior to Setting the Calorimetex

into Oneration

e

Following checking procedures have Is be sarried out om all
devices included in the anslyzizg avparstusg before geidin
the laboratory precision calorimeter into operation

6.7, Pilling *he Heet Exchenger nith Wster

The threse-way cock 8 on the heat exchanger 0 (Figure 3) s
get o the “Abwasgger? /Drain/ peziition. The betching conk is
~ut %o "0". Once the shut-cf? valve in the waten supply line
is opened the batching cock % iz sed %o scale mark 4 in order
to prevent air pockets from developing by slowly pouring the
watar into the heat sxchanger.

The wmater Jlow gshould not be ztooped aa long ag bubbles are

>,~5
Wi

geen forming on vhe surface of The water ia fhe drain

-gl"\

vegnel 7, Waﬁer aust not como out of outlist 12, otherwise
er
]

there will be a lesksge at the hest exchanger which nust e
zliminated immediately. Tlcose The shut=off valve included
in o the weter supply lire aftbter the lleat excnanger ans oeen
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6.2, Instslling the Precision Balence with Pressure

Vesgel {(Figure 9)

The preasure vesael 1s removed from the precislien halance
set up necording to Seckion 5.6. ard f1lled with the liguid
fuel intended to be anelyzed. For this purpose, the screw
plug 1 is unscrewsd and sbout 150 to 200 cm& of filtered
fuel poured in.

Attention

Do ant pour in the fuel with a naked flame immediately
nearby!

Avoid overflowsg whils pourding in fuels or spirits (Sention
6.3,). Completely remove any fuel or spirit in cmae an
overflow has occured. Carsfully dry the pressure veomel
prior %o the ignition,

The filler neck is then tightly closed uming the eppropriais
cep and the pregeure vegsel suapendzd 1n the precision
halance as desoribed vnder Section 5.6, The precielon balence
im tared by using the smaller weights vntll the index wiil

be adjusted %o zero. The precision halance with the pressure
vessel suspended is get up at the right of the heat ~xchanger
go an to dead centrally extspd the burner 2 (Figure 3) inte
the heat e¥changer cocmbustion chamber 1 (Figure B). The
precisicn balance has to be amccurately levelled using the
adjustable feet. The exast central position of ths burner

ig checked by helding a wirror below the heat erxchanger,
Verify the burner nozzle used to meet the grosa calerific
value requircmente (Sectiorn 7.3,) vefore commencing the
analyvaig. ‘ °




3:3. Setting the Pressure Jensel into QOveration

-

The pressure veggel 1s again removed from the precision

é balunce, The heater colliar 3 (Pigure 9) below the burnmer
nead im Pilled by hel? with methylated spirii and the spirit
then ignited. When the gpirit has got almost completely

1 burned an overpressure 1S generated in the pressure vesasl
by means of the poneumatic pump thus Torcing the liguid fasl
0 move 0 the burner gsurface which has beaan heated by the

o apirit already burnt. Here the spirits iz vaporized and
burnt, Air is pumped into the pressure vessel until a stsady
and roaring flame can be éeenﬂ having a blue-green come

{maximum manometer rsading 100 kPa).

o fakr e b e s i x

P

b Vs rienten

5.4, Preliminaries

The shut=off walve in the water supply line ig opemed again
and the thres=way cock set tc "Abwaaoger® /Drain/ position.

¥ew the pressure vessel set Iinic operalion ascoxding o

i Section 6.3. is susupended in the prescision valance =nd the
5 burner dead centrel position in the heat exchanger
bustion chamber checked by using The mirror as described.

16311

{2

_ Tis 1s a necsseary precantlon; alnce a noa-centiric burner
; nogition would cause the flame o incidentally touch the
combusiion chamber =mail. Conssquently, the calerific wvalue
anslyeis would be srronscus.

‘ The water ouitlet tempersiure reading indicated on thermom
. metar 10 (Figure 8) will increasse and enter steady conditions
after a few mimutes time. Wow the zeontinucsus water flow
accepts as much heat as generated by the burning Tlame.
The water throughput ls sdjusied by use of ths batching
cock 6 so as to obtain a temperature difference of about
10 % tetween the cold wazer inlet and the hot water gutlet.
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1s Brong Cslordfle Wauluwe Auslysiz on Liguid Fuels

Lels Erocvedurs to be cheeryed

The temparntore differense atated ngeording b5 Jention 6.4,

iz meonitored and, AF necesonry, odiusted using betohing conk
é (RFigure 8), until the tewpersture ditference 18 abont 10 K
gnd keeps to bz the awee rzding, The condencate mint strsdily
deip off from rutlel 12 {Fignre 8}, The three-way cozk 2
at11l remsine in pogition "Shwasceyr” /Trein/, Tha pen 4
{Pigure 9} ¢ loeded with & number nf onnll weighte hinviug

8 few grams aach $o gause the rrespure wagsel to hove n
vllight excesy weteht durdng this perliced of combusiieon and,
therefore, the lefi bnlance nrm to drop o ¥iivle. Vhen the
grunt of foel ocorresnonding to theme weighie 1s nsaed up ihe
balance will yeturn to fia eqeilibwivum posltlon snd thi indey
coincida with the zevg mark,

HOW WHE ARALYSTE JAF RR STMATEDS

&

The pan on the presevry vessel Is loaded otih 10 ¢ {(Flpure 2}
end the thres.sny cock 8 {(Figrre 2) 3ot Ints pamition

"MefRwameor? /MIallented water/ end the watar collaented dn =
measuring vesrmel simulisavesvsly, At the pome time, the
dripping condanante roqulired for the grvesn conlorific wvrniue
aualysla o collacinod in Ehy merpanring weszgel 100 ams aunplled
and resding off the fterperaiores inlieabdd on heth themo-

moeterns atarfad,

Reading off the temporetures arnd collesting the condsngaete
i mainteined vy & bhe mement the balsnce will hesves rosched

e

1te equilibriom condliicn nnd the irdex coinclded with t
zero mark, At that thie, the three.way cack in gedl o the
"Abwngaer" SDreain/ position snd the vesancing vesae] remowved

frow below the condensate outlet.

31
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e

A

Beth temperatars reedings asnd water 2ollentions are carrisd

gut for Ywo or thoree times and recovded in approrriate
manner, whick an exemple for is given Leliow. However, %The

of fuel,

Guantisy of flow

water collected:

tuantity of fusl used:
uantity »Ff condensste ¢ollected
wiile burning 10 z of fuel
Water inlet lemperaiure
{ard Smetic mean)

Water oultlst ltenpernturs
farithmetie mean)
Temperature diffsronce
tarithmetics neen)

titv of sondensate 1z destermined snly once while bHurning

i

10,500 g
mg‘ = 10 g

My = 12,7 2
p a -
tg = 15,3 7C
FV ol
e -~ 0,
“WA = ?««5*3 &

«§

i

o
&
e

T.2. Osleuiatine “he Groee and Net Calorific Vaiucs

The laborescry praecisiop
grosp salorific weius o
icen o the tempsraturs o
sembustion neuring in. Ths water

combuavion products is complately
heat of condensation »f the waiex

venenr contained (i tha
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10.5 kg * 10 K + 4.1868 &J
QS”'l@g“vkgsf

Qg = 4,39963 kJ/‘kg

At £irat, the heat of evaporation Q ie celeulated from the
guantity of condensate collected in the first anslysis in
prder to determine the net calorific velue.

Heat of evaporation:
r,@

U = mg""-“,

where ‘
r = Heat of condensation of water
(2.454 xJ/g at 20 °C)
my = ¥asas of condsensate collected in grams

The net oalorific wvalue is caleculated ag follows:

Q = Qs+ %
Pollowlng result is obteined:
1

Q = 43,961 ki/kg = 2458 KIfke+ g ¢ 12.T E . 40,804 kJ/ks

g

Te3e Salecting the Appropriste Burner Noggle and Replacement

The burner nozzles gupplied have inner diameters of 0.3 or 0.4 m

and from 1.0 through 1.3 mm. The appropriste burner nozzle isg -
selected depending on the fuel or fusl mixture as indicated

by Teble 5., Generally, Tor fuels inculded in the heavy
hydrocarbons seriss, e.g. petroleum, petrol etc., the nozzles
being smaller in diemeter should be used, On the gther hand,
for fuels containing water, e.g. mothylated epirit, nozsles
heving & larger dismeler are selected. With the nosrle




~ properly slzed accarﬁ&ng‘ts the fuel intended %o be snmalyzad,
the exii velocity genersied will draw as much air as is
necessary to get the fuel burmsd with 8 roaring flesme. In
cage an lnappropriate bornsr nozegls la selected, elther too
much or too litile air will be drawn causing a luminous or
laring flame, respectively. If this occurs, ths combuation
will be insufficient and can be readjusted by replacing the
aozzie onl¥.

Care should be taken when replacing the burner nozzle in order

to avoid any leskege, ss this mey resuli in erronecus
analysis.

Ted, Pout on Pusl Hirtures

An additional error may occur while suelyzing fuel miztures if

the mixture shows a tendency to separation.

It is advisabls to check the miziure In guestion for this
tendency. For 4this purpose, sllow the mixfture 4o rest for 24

hours. Then, take samples Prom the surface, centre and doitom -

" of the liquid snd enaslyze their dénalties.

In case the demsities found coincide it can be asasumed that
there 1s no tendency to separation.

T+5. Precauntions when Anslyzing Different Puels

¥hen the calorific weiues of different fuels are intended %o
he anslyzed successlvely the pressure vessel chould be
carafully rinsed uslng the fuel subjected to apmalysis next
and £11led for enslysis thersaflier. .

37




D

Yo oto 20 7a, gredusted in 1/10 0,

with manulacturerts Tfest certificate

t pe of thermometen, 7

{for water temperature measurement)
1 pe  of thermometer, 15 °C to 20 %q, graduated in 1/10 %,
with manmufacturerts test certificais
{for weter tempsreature measurement)
1 pe  of %thermometer, 5 “¢ tn 40 °C, graduated in /10 °u,
" with menufacturer's test certificate
(for water tempersiure meemrement )
1 pec nf thermometer, © 0 to 100 g
{for waote gas temperaturs measurenent )

pe  of pneumntic pump

pe  of mespuring vessel of 2000 amj capacity

pe  of meanuring vessel of 100 om” capaclty ‘
pea of burner nozsle {(0.3: 0.4 1.0: 1.3 mm in dinmeter)
pes of clsaning wire (0,3 C.4; 1.00 mm in diamsher)

pce of rabber atopperm, Iltted with hole

m of PYC hose, 10 mp inner diemoter

pes of panket A 14x18

pe  of gasket ¢ 14x20

pe  of test ceriificete

[ S T s T W SR " WP QS - N G A Y

pe  of opersting insiructions

9, Setting the‘ﬁalarimeter Cut of Cperation

The pressure vespel gorew cap must not be loosened unless
the flame is extinguished due to the fuel being completely
uged up. Under no circumstancas the serew cap ieg removed
with & neked fleme nearby.

The hést zzchianger lg advieed fto the emptind when tho
calorimetzr de intended to be out of operailon for a longer

3
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period of itime. Store the thermometers in the cages supplied.
The hose connections are closed using the stoppers supplied
after having removed the hoges., In any case, the pressgure vessel
is decompresssd. Thereafter, all parts having s metellic luster
are coversd using acid-free oil. ‘

10, Inspectiocns on the Calorimeler Pripr to Setting Tt Tnio
Operaticn or ¥hile Running

nection

10,1, Daily In

When the 1abara%ory-precisisn calorimeter ig continuously.
being used for calorific value snalysis, both burner head
and nogzgzle will have to be cleaned dasily. The nozzle is
cleaned using the sppropriste cleaning #wire. A foul burner
head, particulsrly foeuled by deposits which are caused by
the combustion of heavy s1l, 1ls removed from the pressurs
vegsel and ascrewed onte & pipe, heated up to red heat and
blown with compressed alr thereaffey, The deposits will get
burned in most of the vasss., The burpner nozzle mmat be
ungerewed prior to this cleaning cperation. If this clesning
operation will be completed unsuccessfully, the burmer head
in guestion lg repleced by & new one.

10.2., Anpuel Tnspection

Depoaite caused by fthe waior passing the heat exchanger will
e often found on the nest <¢f tubes after the calorimeterx
kas been cobtinususly ron for & longer period of time. These
deposites adversely affect the heat transfer from the wasts
zag to the flow water. Therefors, the neat of tubes is
reguired o ve clesned thoroughly.

Sad
(e
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t Exchanger (Figure 1)

Pollowing instructiéme are applicable to the laborastory
precision calorimater for liquid fuels and gassee,

10.3.1. Set the laboratory precision calorimeter out of
operation, empty the heat exchanger and unscrew the cock 27
{Mgure 1),

10.3.2. Lift of?f %h@rmomé%ers 17 and 18.

10.3.3. Unscrew comections atkﬁatching cock 14 and drain
vesmel 15 as well as the mcrew at the support.

10.3.4. Hemove the tree screws on the cover snd remove the
COVET s ”

10.3.5. Lift off the nest of tubes from the outer cesing.

10.3.6., Unecrew the screws holding the flange at the botiom
of the neat of tubes and draw out the nest of itubes.

1037« Again rinse the nest of tubes with soda sclution for
several times end pass pure water through theresfier., On
completion, reinsert the nest of tubes and mount the hsat
@xchamgaf in fallawﬁné ordey,

10.3.8. Place the gamsket on the flange. If necesseary, use
new gasket, -

10:.3.9. Beplace the nest of tubes. Use the same power when
tightening eech of the screws in order to firmly comnect the
flange to its counterflange.

"10.3.10., Fill the interior of the heat exchanger with water
and check the sesl at the flange.




1 eo 3$ 11 ", ﬁter ha

heat axgﬁ;akwﬁi?*

ving cempleted the leskmge temt, empty the

19,3.12¢ fﬁsorﬁ %ha iﬁﬁer &sganbiy of the heat sxchanger ang
not the Q&mhnatisn chamber to tIﬁ&ly*rea% on.tka eonﬁensate
Er@@?a l@@&ted in BT

QQg 3@13,., bgs A n ?@éﬂal t@
the heat ezchang tng i pm@@ideéa ‘Mount the
avﬁxtlow and auﬁlet to the snpporﬁ'sith,tha aazew.-f

1&.3.14¢ Qﬁplace the cover and raeten»te %hn outer ﬁasiha'
by means of the three screws, reinsert the thermometers and
restore the hoses to the sppropriats outlets. '

11s. Froubleshooting Gui

11,1, Incmgiet& Combuation

There are several causes,

s

11.1.1, The flame is luminous, insufficient air is drawn.
Remedy | Replace the burmer nozzle with that of a smaller

- dismetsr in order to get more air drawn and,
therefore, to adjust the appropriate gas/air retio.

11.1.2. Unsteady flame, air is drawn in excess.
Remedy: Insert a larger nozzle. ?erhags reﬁuce §raaaure
Y tn preseure vessel.

11+1e3« Intermittont fleme due to imsufficlent prebeating
or to excessively high pressure in the pressure
vessel.

Remedy: Heduce pressure in pressure vessel as indicated
under Section 11.1.2. or preheat sgain.

41
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11.2, Veristions of Frrors ip Calorific Valus Anslyses

Imsufficlent leat trapsfer from the waste geasg {o the
flow water is osused by residuecs from the water, e.g.
boller schle, depomited In the neat of tubeszs of the
heat axchange. :

Remedy: Clean the heat sxchanger as indlomsited under
Section 10,3,

11,3, The Mespuring Accuracy Certified im Not Available

This mey be cauded by changing-over the three-way
sock too d@oon or too lamie'or by reading off the
thermometers incorrectly. Purthemmore, the precision
balance la checked for proper operation and the
precision gas meter for leaksge.

11.4. Unsteady Water Outlet Thermometer Reading

*  ¥his mey be caused by an irregular weter supply or a
fanlty heat exchanger.
Remedy: The heat exchanger isg reguired to be repsired.

‘gabora%ar Precislon Calorimeter for ILigquid and Gesecus Fuels

1. Purnose

The leboratory pr@@iéion calorineter is often reguired to
earry out gross aaicrifie‘valuﬁ snalyses on gAgeous or
liquid fuels, Therefore, the lsboratory precision calori-
meter for gases 1ls provided with additional egquipment in
order to extend the range applieation to liguid fuels
sloo,

2, Accessorieg Supplled

1 pe of laboratory precision calorimstey for pasesn
1 pe of pressure vessel fittsd with burner




pe of preeision balance
pe welght

pc of Euapenmxgn.for'preaanra vesmel

pe of hose Iines

1 pe of gasket ¢ 14x20

3 pes of burner nozzle (0.3; 0.4; 1.0 mm in diamater)
3 pes of 31@ g wire {g' 3s Cods 1.0 mm in

1 pe of pneumatic pump for pressure vesssl

b et wedy sed

3, Installing the leboratory Precision Calorimetsrs

The laboratory precision calorimeter is reset by simply -

replacing the appropriate componments according to the

mediuvm inten iad‘%@‘be'@#@iyzﬁﬁﬁ In any cage, refer to the
operating instructions before resetting the calorimeter.

.. 3
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Precision gas meter Bid 8
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Let out ’ Testing Operation

"Rated value overflow of precision gas meter

Bild 8
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Laboraty Precision Calorimeter for Liguid Fuels
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