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~boratory Precision Calorimeter for Fuel Gases (Figure 1) 

O. Occupational Health and Safety 

The oocl1pational health and se.:f'ety is refened to in 
seotions 5.2•• 5.4•• 5.6•• 6.1.2., 6.3•• 6.4. and 6.5. 

1. Purpose 

The complete combustion of fuel gases or fuel gas mixtures 
produoes a certain amount of combustion heat. which depends 
on the gas composition. This amount of combustion heat is 
called DGross calorific valueD. Therefore. a fuel gas is 
evaluated by diectly analyzing its groes calorific value. 
For carrying out single analyses, the laboratory precision 
calorimeter is used providing an acouracy unmatched until 
now.. 

2. Applioation 

The laboratory precision calOrimeter is to analyze gross 
oalorific values or all industrial combustible gases and 
may be used 

. - as a reference or mon!toring instrument in gas works or 
gas produoing plants. particularly in conjuno tion with the 
recording calorimeters installed 

- for controlling test or boundary gases in plants developing 
or produoing burners. thet utilize these gases 

- in researoh Institutes or development stations utilizing 

fuel ga.ses 




3. '!'heog of Operation and Design 

'!'he gross calorific value analysis is basa on the determi­
nation of the quantity of water. gas volume, and temperature 
d.1t'f'e:r1)noe. The gros oalorific value is calculated Qccording 
to following formula: 

.. t • 0 
'if 

where 

my .. Quantity of' water in kg 
3Va .. Gas volume in m

tA. ~emperature difference in K 

QS • Gross calorifio value 


Ow • Specific heat of' water (4.187 kJ/kg K) 


'!'he grose oalorific value is directly e..nalyzed by using the 

laboratory precision calorimeter. The heat produced by burning 

the gas is t:ra.ns:f'erred to the water continuously ci:reuJ.ated 

in the calorimeter. Once the heat exchange has entered steady 

conditions, the heat conducted by the water will be equal to 

'that generated by the burning gas. Calorimetric analyses on 

gases require several individual devices. which interactions 

and use of' are sho1'm in Figure 1. 


'!'he gas enters the water-cooled gas cooler 1 passing inlet 

socket 2, while the water enters the colling jacket through 

inlet socket 4. This arrangement causes the gas to take on 

the temperature of the in:tlowing water. which is a necessary 

requirement for a uniform and accurate calorimetric analysis. 

'!'he gas then passes the preCision gas meter 5 being necessary 

for volumetric determining the quantity of' the gas required. 

Next, the gas enters the gas pressure regulator 6 which provides 

a cont~ous gas flow to the ~r 7. 
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The water flows from the outlet 800ke 1; of the t;~0ciRiqn gal" 

meter 8 to the overflow 11 passing the tube 9. The overflows 
Included in itt'lm 11 ensure the. t a !mfficien.t amount of wa ter 

will be directly led into the heat exchp...nger 10. The rem~inl!l~ 
water enters the Bir hum:l.d:tfier 13 'ifhr paF.8:f.~ nt'~ tube 12. 
The air for cambuetion required by the burner is BRturated 
with water vapour in the air bumidifier taktng on the tempera­
ture of the water fed into the gas cooler. 

Atter the amount of water requlred for ca.lorimetric analysis 
haa been adjusted using batching cook 14, it is heated and 
then led into a measuring vessel passing the drain cup 15 
and a three-way cock 16. The temperature diffe~ence between 
the gas cooler (oold) water inlet and (hot) water outlet 
required for celouJ.ating the gross calorifi_o value is obtained 
from thetamperature readings of thermometers 17 or 18, 
respectively. 

The waste gap produced by burning the fuel gas is discharged 
into the atmosphere throtlgh outlet socket 19. The thermo­

• 
nleter 20 is to measure the waste gaatemperature. The heat 
exchanger 1s fitted with e Bpec18~ connector 22 for dis­
charging the condensate. 'l'he gaa meter is filled UBtpg 
connector 22. 

4. Speoifioations 

Site _. 	 A light room. free of' draught. 
wi th heating facUitiea. The 
apparatus must not beexpoBed 
to dlrect Bolar rediation. 

Space requirements - Flat worksurface, 0.8 x 1.5 m 
Total weight - approx. 23 kg 
Envil'onmental . 
temperature range _ +10 oC to +35 °c 
Water temperature _. Pref'el~rably 3 to 6 11: bE:'low 

room tempera tUH} 

A 




" Quantity 01' 

water required 
Gas pressure required 

Gas supply 
'Nater supply 
Time re sponse 
Dead time 

Re.l:f value time 
98 ~ time 
Rrror 

Measuring ranges 
Class of application 

'l'able 1 

- Approx. 5011trea per e.nalysis 
- Min. 500 Pa 

MI:u:. 800 Pa 
- PVC tube, 10 mm inner diameter 
- PVC tube, 10 mm inner diameter 

- 3S sees to 200 sees, depending on 
measuring range selected 

- Dead time +30 secs 
- Dead time +95 secs 
- +0.5 % (when adjusted after-test gas analysia) 
- Refer to Table 1 
- +10/ +35/ +30/ 80/ 1101 

Re:!.'. Type o:!.' .Maximum Ge.s Diameter Burner 
No. gas calorit'ic throughput of burner head , 

val.ue (d,m3/Inin ) nozzle for 
(MJ!m) (mm) 

-I, Generator 
gas 6.5 13.5 4.8 Lean gas 

2 Water gas 11 8 2.9 Normal gas 
~ 

,) Town gas 17 5.5 2.4 No:rm.a.l gas 

4 Remote trans­
mission gas 21 4.4 2.1 Normal gas 

5 Coke oven gas 2.3 4.0 2.0 1lormal gas 

6 Ne.tural ge.s 42 2.2 1.7 Normal gas 
7 Rich gas/lean 

gas mixtures 55 1.7 1.6 Rich gas 
8 Rich gas 

m1:x:tures 69 1.3 1.4 Rich gas 

9 Rich gas 
mixtures 126 0.8 1.0 Rich gas 



2.1. Unpa.ckiIlfL and ];psI/eo t;ton 

The apparatuB is unpacked and inspected :for any demagee. All 
puts altd components delivered are checked for completeness 
as epeci1'ied by the acknowledgement of ortier. 

For installlI18 the complete apparatus a. flat workS'...trff.1.ce of 

about 0.8 by 1.5 m is required. The site should be a light 
and draught-free room with heating facilities kvailable. 
Note the calor1met~r not to be exposed to direct solar 
radiation. Usera are adVil!led to seh up the individual c2.101."1­

meter oomponents in the order shown in Figure 1. 

1 suffioient air revereal must be guaranteed in the rOom 
without any draught. The bench surface must not consist of 
flammable material. Othe:l.'1'lise it has to be covered with e. 

. proteotive sheet made trom tire-resistant material. No 
i:a:tlWlllllSble objeot.s ShOlL1.d bl',! pla.ced ·onthe bench. 

Insert the feet 1n the appropriate pla.oes e.s well sathe 
!-sheped oonneotor 2) aceomodating both the air humidifier 
oonneotor and the burner. One hoee each is connected to both 
the three-way oock 16 outlets (refer to Figure 1) providing 
_tel' drain. 

Hosee are used to supply gas or ~nter to the unit as ~el1 as 
t~ oonneot the anal1~lng apparatus and the heat exoh~er to 
each otber. ill hosa oonneot:t0l'1.9 a:l:'e securecl by hose clipe. 



In order to keep both pressure and temperature of the inflowing 

water as constant aBposl!lible a. storage tank having Ii capacity 

ot about 120 1it~ea can be placed a.pproximately J m above the 

c:a::.t>riineter and the water ted from there. A. float valve can be 
inserted providing a mean o~ control11~ both water level and 
feed. I.f necelO'Sa..ry. 9. t.b.e!'!ll.ostat can be installed to enstU'9 a 

constant tampera:l;ure oJ: 'the water enter-'..2lg the calorimeter. 

~e air humidifier is connected to the heat exchanger overflow 

pipe using the pipe bend 24 (Pi.gure '1). 

;; .:: 
~1JV" 

The burner 13 inaerted in,to the T-ahaped connector~ Hote the 

appropria.te blll'ner and burner nozzle to be installed ae 

r.eo.l1ir~d. by the g:l"OSS ·~alori:f'ic value. Table 1 ehows the 

v~~ons gases and gross calorific value =anges ae well as 
the Referenco Numbers. The ref~renca number COl~pryonding to 

the noz..l", diametar is impresses on the surf's.ce of the b1ll"ner 

PiguJ:'ss '~ through 4 illuBtZ'ata the three types of burners 
a-m:iJ.a't:le" 

5.7. FittL~ the Thermcmet~rs 

'The thermometers 17 and '18 are fitted into ;;he apertures 

provided in ·~b.e heat exc~er cover using the :t".lbber stoppers 

supplied. The thel~OmGter 20 is inserted into the wnste gas 

ou,,;le'c in the same Wa.:lo The th"n::c.ometers. are advised to be 

greased slightly in orde.1." to f'acil:!.ta;;;e rnmhing the rubbe.r 

stoppe~e on~o the the~ometers. 

Make sure that tho me~uxy column is not disrupted before 

insert:l:::Jg the the=ometers into the heat exc.xmger. 

http:surf's.ce
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into Operatioll 

Following checking procedures have to be carried out on all 

devices included in the s'l'lalyzing appara.tus before setting 

the labora.tory precision calorimeter into operation. 


6.1. Gas meter.­ ~ 

6.1.1. Levelli~ (Figare 5) 

The precision gaa meter (Figure 5) is levelled e,t its site 

~eing the setting screw 1 at the base plate until the bubble 

of the level will be centred. 


6.1.2. Leakage Test an<!, F=!.lling the M;[mometer~~ 

'Now the instrument is tested for leakage. Coloured water ls 

introduced th:rough filler neck 3 using a pipette until the 
water level will have reached the zero mark on the manometer 
pipe 4. Thereafter the water level ia adjusted to zero using 
setting Bcrew 5. 

The gas flow is stopped by 8 hose clip placed near gas 'outlet 6. 

The hose connection at the ga.s cooler gae inlet ie disconnected 
and replaced with a mouthpiece fitted with a hose clip. A 
pressure of 1 kPa above the atmosphere is produced in the gas 
meter by blowing 'and the gas inlet immediately closed using 
the laboratory hose clip. The manometer reading must not drop. 
by more than 30 Fa within 5 minutes time • 

. 
6.1.;. Sealins Liguid 

Af'ter the leakage test has been carried out successfully. 

all hose connections are restored and the sealing liquid 1s 


filled into the preciston gas meter. For this purpose, the 




pro~ect1~e cap 10 f3 ~emoved f:om the overflow at the rated 
l.:rq-el &Ild the cock 11 set to ":Pri1.t.':m It /Testing/ poai tion 
(nf91" 1;0 :Fig-Ill'S 6). 

lmy ;,;reaae or lub:rica...'lt 1ll.U8 tbe J:'<9!llo"Ved :f'l'~m the measuring 

tip and the edge or the over.flow using petrol or soap 

aolutions. The Bcale !'ront ::<1:13 7 ka removed by twisting 

orr and the i~trument pointer moved carefully up to the 
1;:F.!.angoJ.a.r r-ed scale mark. 

Water is ueed aa sealing liquid. 101" filling the water, the 
dcrew cap on the !!llar is unucrewed and the water ha,~ng a 
tempere.tu:re ot 3 to 5 K below the ::::com temperature fed into ,
the 3aa me~er. The ~i11ing QP~raticn will be oun~le"ed as 
soon as the sealing liquid level in the ra'ced value overflow 

'lessel is slightly bulgi;J.g(coll·le}~aquid meniscus) ~d the 

:L:ni.ex : 2 .i!l the over:f'~ow ~ust touching the liquid surf'at'ls. 

Now the cock 11 is !let f::-om "l:ha "i'rUt'~n" /Testin;;:/ to the 
"Be:;riGb" fOoeration/ poa.1tions. screw ca.p 10 fi': ,scale 

front ring 7 ~ti;ached to the precision gaB :!teter, ad filler 
3 closed by cap 10. 

()h$ck~he seaEng liquid 

necessary, adjuso after ~he gas ~etar nas rotated several 
times. 

'l!hetm'ee-way cock 16 ()D. ';he h~B.t excllanger 10 (Fig'.lre 1) i8 

set to the "1J.bwass'i!!'" ./Dl"ein/ posi tien. In this case, the 
iJatch:i,!lg cock put to "0". '::inca the shut-off' valve in the 
',fa tar supol. -". ~5 opened the hatching cock set to 

;nark 4 preven:t air !,ockets :!'rom developing 
:'..nf:!:'.L"C intc ~;n:~ ~ea t excna:l:l.ger. while it is 

being filled. T~e water flew should not Je stopped as long 

as bubbles are seen forming on ~ha surface of the water in 
the drain vessel :5. Now, th~ shut-of~ valve in the water 



supply line'1s closed I\gain. Water mn~t mIt. come lOut of 
outlet 2"1 f otherwise there wlll be nleFll!;"lge which m:lf:)~ 
be elhninated immediately, 

6.). SettiAS the Gas ~eter 

~he burner ie removed from the heat exchanger, Then, the 
main gae valv"! in the gas supply line is opened. After thE' 
gas meter drum haB rotahd two or three timeo the hnr!l~,.t8 

extinguished by use of the hose d.ip thus getting the air 
displaced which is trapped in the gae meter. At the srune 
time, a pressure balance will occur in the gaa meter inrH­
cated by the pointer continT1Eling to :r.otste slowly foI' a 
ahort time after the hoE!"! clip has bel'm closed and then 
caming toe standstill. 

In casEI this will not happen, the gas aystem must b", leaky. 
Refer to Section 9.2. for eliminatlng lee.kBgea. 

THE PRECISION GAS METER IS NOW READY FOR OPERATION. 

The hose clip at the burner 113 opened Hgaln and the gas 
lighted esoaping from the burner head. The admiDBion of air 
is adjusted so as to obtain a roaring flame with a blue­
green cone. The gas consumption 1.8 controlled using the 
setting screw 25 of the gaB pressure regUlator 6. Readjust 
the flame as described above, if necessary. The burner 
oontinues to operate outside the heat exchanger. 

The shut-off valve included in the water supply line is 
opened again. Then the batching cock 14 is adjusted so that 
19. continuous flow of water of' 1.5 ± litres per minute is 
obtained. The water throughput is determined by collecting 

http:hnr!l~,.t8


the wate:= into the meaSUr:ing yessel (2000 cmJ ) ill one minutes 'a 

t:l.me. The measuring 'Teseel is yla.cec. below the three-way cock 16, 

!,'Thich must be set to ~h€ appropriate poai tion. Thereafter the 

)~~er is inserted in the hee.. uxchange= nnd ~he gas flow read­
justed at the gas p::"~B8Ure controller 6 so that a temperature 

e::,ence Ll t between the cold water inlet (Tn) and the hot 

O"+lo>'r (.,- 'of','180 u" .. _ v "'HAl 

~t = tWA - tWE = 10 ••• 11K 1a obtained. 

Here the tem?erature reading tWE (approximately the same as 
that of ~he water contained in the storage tank as per 
Section 5.4) should be } to' 6 K below the calo:rn...meter environ­

~entR,ltemperature. 

In case the flame is extine~~ahed af~ar in5erting the bu-~er. 
!'eferto the~roubJ.eehooting gltide (Sectil)n 110.1..). 

ATTEliTION 

3scaping from the b1l-~er happened to get 
'~b.e heat excJ:la.nger, it !:las to 1>e b.lown by Ed:;: before 

inserting ~he burner p~ain. 

7.1. Procedures to be observed. 

tempera tuX'e difference f01.md in the way as descr!bed 
Section 6.5. is continuously observed. The heat exchange 

wil: enter steady conditions after approximately 8 to 10 minutes 
have elapsed. At this t~e. condensate must steadily drip off 

the outlet 21 (Pigure 1), while the th=eeway eock 16 (Pigure 1) 

is still remaining in "Abwaseer" /Drnin/ position. 

S::.oseqllent analysis and readings a.:..~e advised" to be pe:r:f'ormed 

~n the order given below. 

1 



7.1.1. All valueI'! being '1llnntifiable' in nnvance (P,.? 

barometric pl'vSSll,re, I'O!)!!! te!"pf!!'~.t l;ure "'t,~.) I3honld be 

ente;red into th€' c8.1~ulaHng eh'?ei (re:f'er to i)')CtiOIl 7.3,h.) 

prior to commenoing an an'31ysJ.!:I. 

7.1.2. Any ernnlyeie or reading ere started at the rnDment 
the ga/3 meter pointer is paeE1in~ the full litre red mf'lrk. 

Read off the sr.-tual gae mel;er rel",~~ng VGA1 !ll'1. u:tnmlt.m1<?oualy 
place the !lI!'1aauring veesel 100 cm- below the drain ontler ;~1. 

3 .
After more than 40 em of conde:n.s'lte h'tve been collected, 
remove the measuI'ing veeeel from belo'll' the outlet ane. reAd 

off the gas meter reading VGE1 f.tt the moment the gas meter 
pointer is paeai:ng the Ii tr9 marlr for thfl next· ti.me. Enter 

and VGt..1 rea.dings into the ~alc1l1at:l.ng sheet. DetermineVGE1 
the quanti ty of collac ted condensate il')~gl'am9 I'Ind 01".t81' the 

'Value found into the calcuhl ~:iIl8 shee t. 

7.1.4. Follovi:tng gal) volmn~a VO.2 ,. are burnt in theVGA2 
course of en B..uB.lyy.:!.ng J.H~riod: 

1 "J th'l:'o1Jgh ? (; through 9 

20 1') 5 

7.1.5. Place the collect:!.!)g ves!';'el for the fh'w water bel(p" 

the outlet of the three-W8lf cock 16. 

For determining VGA2 , eet the three-wa.y cock to "Messen" 

/Measuring/ and immed:l.ately start rellding off the telnperB­

tuxes ehown by thermometers 17 and 18 as soon as the pointer 

wUl pass tbe litre mark. 10 th~:t'l'l"m.e tel' readings are recot'ded 

and entered in.to the c!l.l~ulr?ti:og sheet in '3'lch mee.f-Ju:ring p3:dod. 

ReE'et the three-wey Clock: at th... ?nd of each measuring rJer~.od 

when the pain.tel' ie P!H:HJi.:rl.gl:b.n 1i i;re lll'lrk. 

http:rJer~.od
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wate:;;- into the measuring 'l'essel (2000 ~J) in one minutes's 
t:JJlle. The measuring yeseel is yla.ced. below the three..way cock 16, 
'.'i'hich must be sette ~he a.ppz·opriate position. Theree.tter the 

is inserted in the heat dxchange~ and the gas flow read­
,ju8ted at the gas pr,~saure controJ.ler 6 sc that a temperature 

_8renee Ll t between the cold water inl.et (Tn) and the hot 

~t = tWA" tWE = 10 ••• 11 K Is obtained. 

Rere the tem~erature reading tWE (approxtmately the same as 
that of ~he water contained in the storage tank as per 

tion 5.4) shonl.d be ~ to' 6 K belOW the calor....meter environ­
;:;,ental 'cemperature. 

!n case the flame is eX7,in6v~8hed ar~er inserting the bu-~er. 
refer to the t~oubleehQoti:ng guide (Section 110.l.). 

'Jfhen l111bu.."'!led ges ",soaping f'::OZll the bu.."'7l'9:r happened to get 

the heat exchaI!ger, 1 t has '~o be bl.own by air before 
insertinG ~he burneT again. 

" l;dlQrimetri.c AnalYSis on Gases 

7.1. :?rocedurea to be observed. 

~e:nperature difference found in the way as described 
Section 6.5. ia continuously observed. Tbe heat exchange 

l enter steady conditions after approximately 8 to 10 minutes 
hg,ve elapsed. At this time, condensate must steadily d.rip off 
the outlet 21 (l!'igure 1). while the th:::oeewey cock 16 (Pigure 1) 
is still remaining in "Abwasaer" /Drain/ position. 

S:rosequent analYSis !l.lld readings a;:e sd'Vised-to be pe:r1'ormed 
~n the order given below. 

1 



7.1. 1. ill vahtee t-eing qunntif:!..abl'?' in ftrt-yence (e.~. 

barometric pl:'88S1.I,re. 1'00111 te!"O'lnd;l~ye et'~.) Bhonld be 

entel'ed j,nto th('> calt}ulaUng eh'?E't (refer to flection 7 •.~. ().) 

prior to commancing an sIv:'Ilys:\.8. 

7.1.2. Any analysis or' reading are started at the m':lment 

the gaB mete~ point"r i8 pftBsing the fuE litre I'eQ m~rk. 

Read off the actual gee mp. ~er rel"'f,ng ITGA1 aJ11. (l:L'llu 1 to,n.eoutlly 

pIece 'the !!Ie!lsl},rlng vessel 100 cm- below the dr'ain outlet 21. 
3 ' After !!lore thEm 40 em of conde,'n!'1'lte hnve been colJ.ected, 

remove the measuring vess"!l from below the ou'tlet a.n,a l'N'Id 

offl;he gaB meter reading VGE1 >1f the moment the gas meter 

pointer is passing the 11tre mark for the next· time. Enter 

VO.I':1 anq. VGl!,1 readings into til", ~alcu.lating sheet. Determiue 
the quant:U;:y of collected condensate in grams !!Ind e:nter the 

value found into the calcuh\tin8 sheet. 

7.1.4. Follow:l.ng ga!'l 'volum"HJ Ve;?" V nro bUl'l:).t in theGA2 
cClure'!! of an a,n,elY7.1.ng period: 

')1 , >3 through ') 6 through 9 
20 '15 1') 5 

7.1.5. Place the colJ.ect:l.!1g v»sf"el for the fl(~w wo.!;eor belo'N 

the outlet of the three-way cock 16. 

For d.etermining VOA2 ' eet ihn tJ'l'ee-way cock to "Messen" 

!Measuring/ and immediately start readlng off the tempera­

tures shown by thermometers 17 end 18 as Boon aa the pointer 

will pasa the litre mark. 10 th,,):J:'Flolll,ete1' readings are reco!'ded 

and e.ntered into the oal-:!ulating sheet in '!!'lch meaf1u1"ing period. 

Reeet the thrl'!e-'!'reY cook at th" 'end. of' each measuring perlod 

when the pain,ter is pAesi.V).g the 1 i tre In'lrk. 

http:a,n,elY7.1.ng
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Note the gas conaumpt1onVG2 : - to be keptVGE2 VOA2 
aooording to Seotion 7.2.1. and enter it in7;O the ca.loulating 
sheet. 

7.1.6. Na~t; deter=ine the corresponding ~ount of the 
collected ~low water in grams by accurste17 ~eighing it 
(the m~~ e~ror mua~ not exceed ± 1 g) and en~er the 
value round into the oaloulating aheet. 

7.1.7. The prqcedures desoribed above cause the heat produced 
by burning the gaa to be transferred to the flow water getting 
hot v:1a the waste gas t which is a.1.luostcompletely cooled down 
to the inlet temperature ot the ";est gas. air. or water. The 
heat of condensation of ",;he steam generated 'by the combust:l.on 
is transferred to the flow water in t.he same way. thus ~llowing 
a complete groBe calorific value analysis. 

7.2. Oalculating the Groes and Net calori~ic 1alues 

7.2.1. Both gross end net calorit~c values are obtained bv• 
use ot the formulae mentioned on the calculating sheet 
(page 29). 

7.2.2. The va.h1.ee calculated th!s ?lay include an absolute 
e~rcr af ~2 %, which 19 loaded ~t~ a reproducab11ity error 
ot up to 0.5 % provided calibr!!l:ted thermometers and gas meters 
are used and oorrections made as specified by the instrument 
teat oertificates. 

1.3. Corrections to be made after AnalysiS on Test Gas 

7.).1. After the gross oalorif1c value of a test gas has 
been analyzed which the gross calorific value of is exactly 
known, ~he test gas ,gross calorific value QSP to the analyzed 
value QSM ratio i6 the correction factor. 

1 
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Q,SD., 
... ,--QS;'­

7.).2. When va],uea of the gas t.o be 8llhlyze1 13,1'e determined 

in the Sl'!.me'Rsy and mul'~:tplied by fot errore e!'l.t:loea by each 

individual component or the e,pparat1l8 (gas meter, thermo­
meter, heat exeh!!\Ilger) will be aummarized and, tlH3r'?foI"EJ, 

oorreoted eo that ~ 11ttlE\ 6ubj9ctlve error otLlyfrill rsmulll 

ra1a ted to opera, ting the ealoril1letel". 

The total error oan be reduced up to :to.5 % (perhRpa 'd t.h 

the test gas value inoluded) by this methed. 

However. this rean1 t in a.elmreey will be obtained only if 

both 'I'mtel.' throughput I'l,nd. heating e.:':'e adjua ted accordil"..g to 

Sec t:l,on 6.5 Md, ,furthermore, a eonstrolt difference between 

the average te.mpel'aturoB ot wat€tl' and enVlrOIlm9nt is malu­

ta:!.ned. 

'/.3.3. H:tgh-g:rnde methwle gaa cm 00ntalned in a galJ c:rl.i:uder4 
i$ used as test gee which the cord;,!l.min811ta of must be known 

fl'Qm the aCCl)mpa;oy:tng t;cr'tlflce.te in ol'der to allow the tab'J.ll?r 
~ , 

1ralue of G .. 39820 kJ/m-' 1;0 b€' co:rrrer'ted to the Bt<tndardS 
cond!tion. 

The corrective tact.or determined thie way 1s HpplicablG to 
the :measuring ranges :t::'OIll no. 3 on, !linea th", TOry l:tcne 
gas meter el'l'or may be included :i.n the above mentioned E'rrer" 

7.:3.4. An additio~l error will al.'ise when tb.~ avor-e.g!? 

4 twahl' temperature difference (t'i\lln .. tWE + -;2-") tn (\utalned 

while analyzi.ng the gross calo:r1:flc vl!l.l';l!~ [ (tWin - tR\~] 
differs trom tbat observed while do termining the correnti're 

f'!l./J1:or [(t~ '. tn}B]' Th? grosa c~lor:f.fic value a.n8.1yzed 

can be ad;fusted using the CIH',reet!ve :tae 'tor 1'2' 

1A 
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7 .3. 2~ When val.ueB of the gB.B to be B.nf'.J.yze1 8.1:"e dete.rrnineri 

in the same ''Ray end multiplied by f ll , er)'or" eauaed by' ee.ch 

ind1vidual co!llponant of the e.ppara:hw (gaB me ter. thermo­
meter, heat exchanger) will be sullll!1Bl'ized. and, ther""fore. 
correoted 80 th!:\t Ii!. l:l'ttlEl ffl1oj'Bcti va error onlY!'!ill rSlllfl.:!.ll 

rele.ted to opera.Hng the calorimeter. 

The to tal error can be red~ced up to ±o. 5 % (perhaps ''''1 th 
the test gas value included) by this method. 

However, this rel!lul t in a.c<:uracy 'lVlll be obtained only if 

both water throughput !'I.ud hea'tillg e~e adjusted accordirce to 
Sec t:!.on 6.5 and ,furthermore. a con1!ltrolt difference between 

tlie average tamperaturea ot wat~r and enTironm~nt is mnin­

tained. 

'1.).3. ll1.gh-gl'nde methane gas ClH contained in a. ga.o (71inder,·
4 

113 uaed as test g"U:l wbich. the eOlti;a.minsnts of mW'~t be kuown. 

f%'Om the accompa.:ay:tng certi:f'ioe. te in ol'der to allow the tab!11e.J: 
~ . 

value of GS .. 39820 kJ/rr' to btl converted. to th".!· Ht"l.!ldard 

condition. 

The corrective :factor determined this _y lEI applicable to 

the measuring ranges :f~'f)m no. 3 on, ainco th<l -very 11. ttle 

gas meter s:t'l:"or may be included :l.n the above mentioned ("rl'()1:" 

7.3.4. An additioual error will a\'ise when the !wcrage 

Ll.watar temperature difference (twm ~ tWE + -:,'!.... t ) tR obtained 

wbile 8ualYl!ling the gross c!'llortfie vah1!~ [ (tWIn - tn)M] 

differs from that observed while d0terminlng the eorroet1vfl 

factor [ (t'Mu '. tn)13]' Thr~ groae cf,!.lorific valu", ans.ly?'f)d 

oan be edjue ted using the c"l"'l:'eeti:'1~ factor :f'2' 

1R 
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• 0.0005 K-1 

8.) 	 Teat gas CH4, contam.inants (N2, CO2 , 02) .. 0.25 % 

f~bula~ ,~lue = J9,820 kJ/mJ ~QS 

-0.25 %.. 55 kJ/mJ ~ 


in 

Teat gas 'ralU6 ~ 39.765 kJ/m3 ~ 
 standard 
After analysis on condition 

. ~ 
.Q=. = 39.525 kJ/mJ · )

~"" 

above mentioned 

• 1.00b1 (- 0.61 5)Cor:::-ect::'ve tao 

~oom temperature 	 1; III 23 °0R 
7/at!-H' in.let. t€:lllperature tWJt" ~9.00 °c 

...outlet temperature '4WA= 29.60 °c 
10.0 K'" 

o/'<2-d.3tWm '" " 

'" 1.3 K 

J) Az:vJ,lys:Ls 011 ';Iowa gas 

. .:::, Qr:·u~ 1> -,'m) (
!% ;,.;...\1"",qc- ,.., j v" ...."1., 	 atandarc. condi ti:m)-..I, .. A 

where 


ta O.M
.- 22 .. 30 v 

... .- 19.50 0",
'J"'u 

"i-" 	 va.- ::lO.80·~'.J1A 

• 0 50 T­ • ~ I. A,.;,;wm 

:= 1 • 0.0005 

~ , + (2.45 K - 1.3 K) • 0.0005 x-1 • 1.000,575 




QS,nk 

QS. nk ., 16.950 • 1.0061 " 31.0005'75 k,J1m , 

Qs,nk .. 17.065 kJ/mJ adjusted gro~s calorific value 

=~==:=~===~========~ un,der stand"l.rd condition 

Error: 

Corrected barometric pressure 
Room tempera.ture 
Pressure in gas meter 
Temperature in gas meter 
Saturation pressure at tG 

Fa.ctor for converting to 0 OCt 

101.)25 kPa 

273 


b ..... ;so ..... ., ....... {!' .. kPa
'" 
0" 

., ..... f! ...... ., .... .f' .. l' VtR "" .. ••• "' • ., •• "' ..... "'.(l kFa·PG 

.. .. .. * ~ .. • • .. .. • .. °0~ ~tG '" 

.. ~ .. .. .. .. .. ~ ~ • • .. 0 ~ kPaPD "'" 

101.325 kPa 

(27) ob ~. t ) 

Calculating the heat of condensation 

Gas meter reading at start VGA1 
Gas meter reading at end VG'E1 
Mass of condensate collected ~ 

Volume of burnt gaa Va1 

Heat of condensation per 1 m3 

of burnt gas 

(lne moter corrective fuctor 

2.454 kJ/g 

f1 -~ ... ,. ••• 4."."11 •• 

'" ••••••••••• 1 

= 11,""" '" '" '" .. " .. 1 
= .e ••••••••• g 

~ ­VGE1 VGA1 
= .............. "" , ..... 1 



• • • • • • 
• • • • •• 

• •• • •• 

• •• • •• 

• • • • 

• • • • • • 
• • • • 

• • • • •• 

• •• • • 

• • • • • • 
• • • • • • 
• • • • •• 

• • • • • • 

• • ••• • • • • • 

• •• 

tialm::lating tbe nwl; caJ,orit::.c value 

~e volume measu~ed 
Temperature readings 

t w' 'A 

°0 

• • " <P .... 

.. ...... • • 

.... 'i!< .. " .. 

• 

II 

t,-,1tWE 11 

in "-0 

.. .. '" '*' .. <4> ............ 


... .. ...... .. .,. ....... 


...... '" .. 
.. .. .. .. ... ... .. .. " ,/II ... 

.. .. " .. l' ., .. .. .. " .. 
.. ........... 

.. ..... '" .... 

.. ,'I ........ 


'" .......... 


.. ........... 

'" ......... 


.... 4> ....... K 


'/I * " 1# .. '" .. g 

__ .1.iTT 

1~rlE 
<- tWA 

°c 

.. .. .. ."" .. .. ..... 

..... '* ... .. ...... 
.jj .... '" 

.. j!; ...... « 

.... .,. " .... 

.. ......... .. .. '" .. 


.... "" ..... .. '" .. .. 
, .......... . .. ...... 

... '" .......... ...... q 


.. .. .. .. 

... 

........... y 


1 

2 

J 
4 
5 
::, 

7 
S 

9 
10 

1:rlthmetic 
ntBBn ill" 

~ 

COr:r'$cted Cl,., 

" 

I 
c 

. 'fiB 

in 

.. .. .. ., • • 

• • • • , . 
• • • '1> <'I .. 

·,~ .... ·. 
, . 

.. '" ... '" <t 

'0 ·..... 
....... " ..... 


fiater :na~3 g 

Qs V02 
(1lIlX'~a:uc nd) 

Qi 
:oeduced 



Convert to 0 °C, 101.]25 kPa 

Qi,n = Qi • FR 
.. " kJ/m3 

••• ",.e"l'* 

Correc-!;ive factor fb 
.............. ., "4o k J lm)
QS.nk = Qs,o • fb • f2 

Corrective factor f2 

Qi.nk = Qi.O • fb • f2 4' .. ., ~ " ,. ~ <II.. lrJ1m3 
f' 

§._ Aooesaoriea Supplied, 

1 po of thermometer, +5 °0 to +20 °C, graduated In 1/10 °C.­

wi th me,nutae tUJ:'er I s tee t certifj este 
1 pc of thermometer, +15 °c to -1-]0 °C, gradua.ted :Ln 1/-10 OCt 

wi tIl manutac turer 'El test c~;rtifi{~ate (water ternpers.tul'€,) 

1 pc of thermometer, +20 DC to +"0 0Q. graduated ~n 1!10oG, 
with manutacturer's test certificat~ 

1 pc of thermometer, 0 °c to 100 Oat (wastE' gas tmnpero.ture) 
4 pCS of rubber B'toppers, f1 tted wi th hole 
1 pc component part for lean gas burn_er 
1 pc rich gae burner head. 
1 kit of burner nozzles (9 pieces) 
1 pc of measuring vess':!l 2000 cm) 

31 pc of measuri1'...g veasel'! 00 cm
3 m PVC hose, 10 mm iunel' diameter 

2 pee of ga,akets14 x 18 

1 pc operating instructions 

9. Inspectione 

9.1. Daily Inspection 

Check the level of the sealing liquid In the overflow at the 
rated level according to Section 6.1.3. 



9.2. Mcui:l::l.y Inspecti2E. 

Check the pac~!ng of the gas meter drum ahaft. In case of 
leakage, top up 'the special lubricant supplied with the gas 
~eter. The lubricant may be topped up also while ~,nnjng the 

meter (Fi~re 7). 

9.3. quarterly Inspection 

The gas me'l;er sealing liquid and, :the:::'ei'ore. the interior of 
the apparatus will be contaminated to a varying extent, depending 
on the calorirae ter '.lse. As e. consequence. the sealing liquid 
shoU.ldbe replaced in a '[;hree montha interval. To this end. 
following procedures have to be ,errormed. 

9.3.1. Emptyi~~ the Manometer 

The manometer is emptied by unscrewing the .acrew 26 

(?:'gure 1). 

9. J. 2. Rt:olacing th,,: Sealing Liauid and Cleaning the Gas Meter 

30th gas?nd "!at!'!!' shl.l:'C-of'i' .'al'.rea are closed and the gas 9.Dd 

wa~er 8~rew joints loosened. Discharge the gas ~eter sealing 

li.:plid t,hrough both the drail:). cocks. Next. the gas meter is 

.:-insec. fer seyeral times using a sode. solution. Caution should 
oe \lsad when cleaning the gas meter in order to prevent the 

drwn froll! getting damaged • 

.il). 'frobleshooting Guide 

10.1. Incomnlete Combustion 

Check bu...T'!ler flame and pressure 1'8gulator adjustments first,. 

~hen. check the burner nozzle used for the appropriate 
s:tze (i.e, the Reference Number). which must correspond to 

23 



I;he gross c a~ . orificvnhH' (Sf' C t i on (,.4.). I1l8},1'l(!t I;h~ gP,~ 

passages in the heat e1Cr:hango:r- ,;ubes for I!lny o'tHjb"Jct.1('n~ 

caused by depoflt tOR. 

:b"\xcesaively h :igh or 101'1 ~,ter llnel in, ttl€! gaB ma te,., :'ri!medy 

le by checking the seeling liquid levt'l ""t thfl over·no,,- at; 

t.he water rated level. 

I,eaky turner head; remedy i 3 by inf"ertlng 11 no~ hUl'1l"l.t' or 

burner head. 

The bh:r.'ee-we.y cock: 16 is ohF11J.ged over (')1 ther too Roon or too 

late. Thermometers ar.-a not read off exactly. i\.u:dl1ar.9" 

:!.netruments 61'e load.ed VIi I;h '?rrOl'B (e.g. the:>:'IllOmetar does 

nQt wClrk accurately, leaky gElS II1'?ter). 

Remedy: The p-rocedur'ee specifl €' d by t'ho ')t)'.lrottr.g in!'1truc·· 

tiona eho1l.1d. be strictly .folJ_ow!~d 'i.!:I')D. Ollerati.ng the calo:d;· 

met!!!'. Replace fecI ty comp(lnentf:!. 

CaUFe: Irregular water inflow 0 :(' poor mlxlng of tbR hea.tf-d, 

water; heavy vnr1ai;ion~ :l.n p:r.E'I£Jf:lure. 

Hemedy: Insert a new water mixe:r. Monnt a 'l'mt(1r etor~ge tnnk 

(Section 5.4-.). Remt)ve d !!»oaites caused by W'!hr. (e.g. flelf.l'~ ) 

in the inner nest of tub,l'J (Sedlt)n 10.).). 

When. t.h'3 unit is intended tt, bR OU1.: of ',19fl f()'C a. lo~~r 

p'~riod of t:l.me. the pnrts hnv:lm~ n m.", t e,ll i c lnc ter should to;> 

http:Ollerati.ng
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covered using an acid-f~ee oil and both heat exchanger and 
gas meter ~ptied. The thermometers are stored in the cases 
supplied. Connecting sockets are closed by stoppers after 
diaconnecting the hoses. 

'I'able 3. Partial pressure of steam Pn in the state of 
sa.turation 

, 
tg PD tg PD tg PD 

(0""VI (lao.) (oC) (kPa) (oC) (kPa) 

2 -.,.0 9.61 10 1,23 20 ,;); 

11 0.66 11 . \. .)-1 21 2.48 
2 0,71 12 1.40 22 2.64 
3 0.76 13 1.50 23 2,81 

c:> 004 0,81 1 , ~ , 

" 
14 "cd. '-,.,.,. ..... 

it:: 71.., 11_,_lA7 ,.., 1 ,. ' 25 3,1:7 
6 0,93 ~6 1,81 26 3.36 
,., 
i 1,00 17 1,93 27 --" ,'-~ 
[3 i .07 18 2~O6 28 ,),-ri 

Q- 1,15 i9 2.20 3,00 

25 



O. Occupa.tional FIsal th and...§e.fet;r 

The occupation!'.l health and fmf'~ty i9 T9ferred to jl'1 

aections 5.2., 6.2., 1:> • .3., '7.)., and 9. 

1. Puroose 

Liquid fuels .bave e. varying heat of combustion depending on 

their types and compos! tione. This bee:t: of combuetjoll :is 

analyzed as the grose "filorif;.c v"-lue.• For e.nnlyz1ng this 

value. the laboratory precision calo:r.ime·ter is uS9d offerlrz 

an extremely 111gb accuracy. 

~ Applicatio~ 

The net calorific value analysis j.s necessary in 

- peh'oleum proceaelng plant~ 

- oil refineries 
I:.hemica.l plants. paraffin plants. la.bora torieEi 

- methylated spir;i. ts pll:mtB
• - light or heavy engine pl8.Il. ta, ;no to!' vahicle indus triH8 

- research and development st;?, ttons 

However, only those vegetable, anrnimal. or ll1inere.l oils ce.n 

be analyzed which completely vapor!1.:e at €I. bQilil1g potnt of 

250 °0 wi tho1.lt leavlng flny carbon or other T.'f:H!.id'.l8S. 'l'he 

laboratory precision calor.i.t:'l~tl')l· canno!; be lJ.oed to analyze 

the gross calorific vn11108 of refined eolz€I. oil, hm.g oil, 

bone oil, or mazut oil. 

The gross calorific value of a liquid. fuel is B.11alyz0d by 



I 

d~ter:n::'Ii:Lng the mass of \\"'U"ter, the mass of tee t;lel :::-equireti" 
the temperacu'1."8 iifferenctt. The gJ1oss' calorific "7s1ue ia 

cal i,1lla ted '>c cording to f cllowi:lg formula: 

Groes '~·:.:!lorific'~s '" 
. '.l­m QuEiZlt:l CY of 'N'!'\i;er in""11 '" .. Quan~:Lty ~)t fuel btU.""'Ilt -in ;reg

~ 
tlt ~empera. tura di:!:.f erellCiJ in l'"' "'" 
I;",.. '" Specific heat at' we:;;,~r (.;.1868 kJ/kg !{) 

~ne laooretol7 preci3ion calorimeter in 
quid J~uel is di:rectl;r 

the seme Vl'.3.;[ ;]::J i~,; :1.6 tn ana.lysis on gases. The heat 

transferred to the ~ter 

f!t)ntilluously ~~r~ula.t&d in. th~ \;alorimete.l". On~ the heat 
exchange !las. en'.;t:i.f 0d st~e~d~r conditions, the fl.e9.t ccnduct€d 
by the "Jftl tar ~ffill 'he e~~,ual to t11,=.t ge:1.erated ':ly "tne burnt 

l.iquid fuel .. 

illClur1~1:l the heat 
~ith 

accessories. '!'heir al"Tangem'3n1; ~."' :alustrated ir. ?ig'.ll'9 8. 

~'he ';va te'!' e.llters the callac ~m.; '..-esl5el 3 passing the pipe 2. 

The cve:.'flows included 'lel3sel ensure 'chat 
the h~a't exchanger is supplied. 11 

quid f-:.:tel rcquil-ed to 

the ssure vessel 5 aLa maved to -~~e -Ju"'~~r > :iVG<::re '~<. t 'r..:i:':'l 

be gasified. :lnd bUE:L.t, '0"1 f:l certain '}V2l";:·iHJS\U"A ?:?"oducetl 'b:v' 

.':he quanti 

2'/ 




(!.harg~.ng veaa",l 7 !'I.e! \!roll CHl '7:\,3 the threo-,my cock 8 illc') 

fa me'll.ouring veesel. Frn.' (l",t'?~~:n.ll"'<>; tllf' tem.pera :U'ffeJ:'erw'? 

between the cold W!'lhr :tnJ.et Ani1 n.ot w:<l.ter c"ltlet, teroper"ltllt ~',. 

indteated by the1"'lll('mete:nl 9 Rnd 'l{l Elre refV., off. 

The waste gas prodtVJ'!!d by lmrn~ng the fuel 1-8 dieoh9:\'ged, 

into the atmoAphere tln·"t.1gh the w~.e ~e g!?~ Oil tle L The them~-· 

meter 11 is to mel\sur", ~he wast!" gas !;emperature. ThA outlet 

12 hi p:r.ovided for diaehal'g:!.ng the eOnde!HlB.te. 

~'he precision ba.lane~ :ts to detE'l'1lliue the B..T(!Qunt of liquid 
fuel used by d.ifferent:l.!!\l 'IIeigh1.ng. 'J:he",-'tlue found. put 

into the equation. 

Site 

Space requ1~ernents 
Total weight 

Environmental 
temperatur:, range 
Water temperature 

Quanti ty of 
1mter required 
Quanti ty of Hquid. fuel 
\'fater Bupply 

Error 
Measuring ranges 
01a8s of application 

- A light room. free of dratl.ght. 
with heat:tng facilities. 'l.'he 

Rppe:ra tUB I!IU.st not b13 exposed, 

to dtreet Sl)lar rs.(lJ.fttion. 

- FJ.!'lt worksn.rf'ac('!, 0.8 ;rc 1.5 m 
•. approx. 17 kg 

+10 00 to +35 DC 

- Pl-efel're.bly J to 6 K .below 

room temperature 

- Apl'OX. 35 Iitree per analyeia 

- 10 g pie!' analyais 
- PVC tube, 10 mm inner dinm~ter 

- ±1 % 
- Hefer to Teblf! 5 
- +10/ +35/ +)0/ 80/ 11fJ! 

http:IIeigh1.ng
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, tl"able 5. 

T:'pe of' !uel Calorific \l'5.1ue iJia.metel' of' 

(about, MJ/m3) ~urner nozzle (mmi 

:Benzene 
:Benzine 
Korosene 

Toluene 
:Benzene /benzine 
mi..1:ture 
?11 ':;;:'~ leum 

Ga!Jol~e 

42 
42 

43 

44 
46 
47 

04) 

0il of' 
, 

tu:.t'1!~ntin9 42 0 • ..1 

Methyla.ted spirit/ 
methanol mi.Xtu.re 

Methylated apirit 
Methanol 
Ethanol 'al"'o'h..·,:'! \\ -.... ......v.J../ 

1'? " " ,-,; 

21 28 

17 - 23 
. 1")'1 ,_ I 

1.0 

• '1I ...... 

5. Sett1:::;g Un 

5.1. Unpacking and Insnection 

The apparatus is unpacked and i:::l.Ispec"'.;ed fer .my damages. All 

parts and components deliverea are checked tor ("oMlpJ.e ;leas 

as specif'ied, by the acknowledgement r)f order" 

For installing -:he complei:e appara. t:::: a flat 1rorsuri'1'.Ce ,yf 

about 0.8 byl. 5 m is roequired.::li t,? should 'oe >l', ligh~ 

.J "t f '+~' t' "' "1' .. . ' 1and '~raugn"- :::-ee z;'OQ1:', 'lQ,,(J. :lefl.Ulg _aC:l._:'v~e8 a~_e. 

29 
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.rrot ~ the 881orL1110"te r n e:t; i,:') t:~ E~ :~ r-(\~!f.'''1 La '1,i.!,~~ t~t D n J ~~. !' 

l'p..ili e. t:ton .. UfJ ers [\ r ~ t?.' l\1 ).H~~ d to ' I"? ~ Ltp i: h, ' .-it'J!5. 'I '; Qll)_l l. 

c<\lorimctRr Gompon() )'I: :) ill lob e " ,:' ;4.<~", ':hol'n', i n f"igut'':'' 1 . 

A flufficif.'uC elr l'ev'JJ: RP.l mUG t l)':l gHBl'~m~E' 8 d In tIl{) l"S CClI 

'II\. t;hout any -:inC1.lght. 'The b8nd:, fll!:"f!\e'~ ({mo t; >:lot confl"i. st elf 

fl'llJ'c'l\.<J.ble mater.i.':J.l. (ltherwL n :U InA to be cC 'lTccred I'li th Q 

prl)'tecttve sn<3 e t !nl'.<ie froll'. .f:i r~·-r8f31.ehmt mli te:d,al. No 

inflemme.ble obje c: tn f:lh ould br.> ]' ~: (lced on [:/:." bench. 

r:", He"t· l'vC" "'''''''~:r...L.~ ~~__"'::':,..,'-.._l!.!!!:.._ill~.=r~.-...:.. 

JUf!ert. t~le feet in the !'.prropr:~tlto pla.ce:'>. For wah?r drain, 

one hose each is 'c ,)!lnecb!d to br)':h the. outl'oltn of the 

t.bree-~RY cock B. 

Tho wat;er supply 10 con.neete(l. -/;() tbe hEat ex(!hllnger " by 

f :t. ~tl.ng; ~'. hor,e f;oth'l pip'~ <2 . .\. storage tank h-9.ving n 

capacity of shout 120 litreo eBn be placed epproximetely 1 M 

'lbbve the cBlcrimet.er end the wsi:Br. fed from there jn ordL!I' 

to keep both preseure anli tp.rnpe!:'l1!;uT'E.' of the infJ, owing water 

He cOllEle nt. (1S p08Giblp. A floet val\re ('.'.111 be inse:rted 

p:rovldi.t',€; EO. menn of c()n~l'olling be) th "I f'. tel' level find feed. 

If n'oceses!'y, ~! thel1nol'ltat can be 'l.nstalled t') emmr') 8. 

(:onatant temperature of the water entering the calo:r.JJ'I€' tel' . 

J.1Hke fO>;:re thflt the mOTCUTY column is no t disrupted before 

5.nserting the thcrnIometers into the hes.t exchrH1i~er" '111i, 

i;hernlOmeters 9 and 10 are fitted. intcthe apnrturefl provi(ied 

in thp- hee.t exchlJ.nger COli"?r uBin~ the rabh8t' [!tr)TlPI7l"S ['upul i ed. 

'.[,he the :rmOmF'ter.8 ere wl'lLGed t o 't~r; grsHsed f]l:i~htl:'l i n r})'uc';;J' 

http:cBlcrimet.er
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~c ~acili tao,) pusl'J.ng the rubber 3tobbe:r8 onto the 

~he ther.mometer 11 is inserted i~ the dame ~y • 

1;her.ncmflte:t'8. 

5.6. Precision Rslance 
. 

with Pressure 7essel 

-,.I
·1 
,i , 
i 
i 

Por gross calorific 'mlue a.ne.l:;rsis, the in."Beiaion balance 1:; 
(Figure 8) i2 p!"epared sccordi:ng2.y. The left scale pan is 

replaced by the ;\lressure 7e8sel using the suspension ': 4. ':rha 

~\:ntnterweight 15 is put on the ::cight scale pan 'to balance 

the masses. The precision balance is tared oy ~8e of the 

smaller weights in order to cause the index to come to ze:1'o. 

6. Prelbineries prior f:.Q S'ei:~ing:~~he ealo::'ime~...::~ 

into One:ra.tiog 

Following checking.procec.ures 'havG (;0 be c8.ITied out 0):1 all 

devices included in the a:lal::rz::;':::lg al'paratus bef,u>e gei:t.i!l..g 

the labora.tory ?recision calorimeter into ope~atioll. 

6.'. 

'The three-way cock 8 on the heat exchanger ;0 (Fig-c:re 3) ::8 
3et ';0 the "Abwaeser" /Dra:i.nl pC3:i. tion. 'rhe bro. tching ~cck ~s 
:;Jut to ~O". Once the shut-oi':' '!nIve in the wate1~ supply Ii:le 

is opened the batchi:lg cock 6 is set ~;c 30."I.le ma:-k 4- in order 

to prevent air pockets .from developilJg by slowly pouring the 

'rhe ?later floY! should not be stopped 5.3 lon~j 8.S bubbles ar'3 

seen .forming on the surface of the water i:;1 th8 drain 
vf~s8el 711 Water ;!lust no+, como out of outlet· 12, otherNise 

ther~ will be a leakage ?it the heat exch8.nge~ 1.vhicb. I'J.ust t l 9 

sll.~ina.ted irnmediatel:,:r", Cl::so the shut-off "12.1 ve .irrcIuded 

filled. 

http:30."I.le
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The pressure ves'flel 1.S removed from the p~eCi~ll!)n bRlance 

set up nccordir18 to Sectjon 5.64 an.d filled with th'9 l1ql1:td. 

fuel intended to be analyzed. POl' thin purpose, the ",crew 
plug 1 ie. unscrewed and about 1~50 to 200 em3 of ril tere1 
fuel poured :I.n. 

~ttention 

Do not POUI' in tbe fuel with a uaked flame immedi!!.tely 

nearby! 

Avoid I)verflo1!fI! while pouring in fuels or apj.r! ts (Seo!;ion 
6.).). Oompletely remove any fuel or spirit iu case en 

overflow ha.B oceured. Ce.refully dry the pressure vessel 
prior to the ignition. 

The 1':l118r neck i.e then Ugh t.l.y cloaed uS:!.l'lg l;he erpp:t'(lp'I'.'i!l.i:e 

ce.p and the p:reaeure v'ass"!l s1.H!!peoded in the .precls.1 '}!l 

be>.lfl.nce as d.ce,.,riocd under Section 5.6. The prec:J.eiQD bale.no" 
iF.! tared by using the amaller ve1 gilts until the lnd.ex will 

bl3 .q,djUSt8d to zero. The precision ba.lance with the pl'Bemlre 

vessel suspf'nded is Bet up at the right of the. he'it nxchnnger 

ao BS to dead centrally extetl.d the burner 2 (Flgllre '9) into 

the heat exchanger combustion cha.~ber 1 (Figu~e 8). The 

precision balance h~s to be accurately levelled u."1ing thl'! 

ad.juatable f.'~e·t. The (".:tact centT'al poaition of the b!.'.!'ner 

is checked by holding 8. Ill.irror below the heat exchanger. 

'Verity the burner nO'2:z1e used to meet. the groaR calorlflc 

value requ:!.rt'!'!lcnta (Section 7.3,) befot'c cotmlltmcing the 

anal:Y"llf'l • 
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,,j. J. Setting the PresffI.:.re VeBsel into Qual's.tion 

I 

I 
I 

The pressure vessel is again removed t~om the preCision 
balance. The heater collar 3 (Figure 9) below the burner 
head i6 tilled by half ~~h methylated apiri~ and the spirit 
then ignited. When the spi?1t haa got almost completely 
b~-ned an overpressure is gener.ated in the pressure vessel 
by means of the pneumatic pump thus forci:ug the li:{uid tu.el 
to move to the burner surface which haa been heated by the 
spirit already bu~t. Here the spirits is vaporized and 
burnt. Air is pumped into the pressure vessel until a steady 
and roaring flame can be seen. having a blue-green cone 

1 (maximum manometer reading 100 kPa).
! 

I The shut-off valve in the water supply line is opened again .
I, and the three-way cock set to ~Abwa3ser" /nrainl position.
I ~·c-, +~e TIre~au-e 7~nce'' ol. .... 4_+~ ....,~~Q-a~~onv.&. ac~~~4n~;"...,..10 ......... +~.I ..... 
.... n '..I,u, l:' QQ.. '0 g~ ae+ ~ .J.,.L.I. VV ~,;;;.;.. ~I 
i Section 6.3. i3 suspenced in the preCision balance and the! 

burner dead central position in the heat exchanger com­
bustion chamber checked by u8i~ the ~rror as described. 
~s is a necessary precB4tion, aince a non-centric b~~er 
position wuuld cause the flame -;;0 incidentally touch the 
combustion chamber ;;mll. Consequently. the calorific valu.e 
~nalys1s would be erroneous. 

The water outlet temperature reading indicated on thermo­
metal' 10 (Figure 8) will increase and enter steady conditions 
atter a few minutes time. Now the continuous water flow 
accepts as much heat as generated by the burning flame. 
The water throughput is adjusted by use of the batching 
cock 6 80 as to obtain a temperature difference of about 
10 K oetween the cold we,er inlet and the hot water outlet •. 

JJ 


http:PresffI.:.re


:!"he tempernF.U1'''' d.:!,:ffol'Atl':'? ab,t(,(,l Rccrn'dj!:!g t:J S(;,~i;:I.on 6.1., 
j R !:lOID tored l'\nd~ :Lt' l'lf:llE'l"'eB'!?,Y, !!i!julI\;C>t1. ns1.:ng btlt.crr!.ng cock 

6 (],igllr~ 8), 1mtU. the tercp·j)",rituz·r; dir':r<..!xencEI -I.E 'l·bont. 10 K 

IIH\d keeps 1;0 oathI'! !l !,!::!!P !'TJ'l ,Ung, 'rhe cOJHlenr:m te m'1~ t 8 t ~·!';.:11.1y 

d.d.p off frolJl r,v.l;le~ 12 (P:tI!,IH'''I 8)~ ~':he th.:n?'e-I'my oo~k 8· 

E1t:ll1 rame-ina in pot31.t1.on "Ahw!1fW<'!:!:" !lJI'!!.ln.!. 'I'h':1 p"'.!t ~ 

e t~'ff .grarns Flach to e~\'J"e tIl'! ~.reL.;rtLu~,) T':loel"l ttl ';f) I"i 

aUght E'lXCe6r:J 1'r"'1.:ght (brh1f,(: t~l'ls po .. !:,d of ('emb'.ls "TIs]",.!" 

t;tjeret'or(;, th~ left b!".hlrl:':I" /'1.7."\1 +'0 t1.r('p~. 111;~;1'J, Vlh"!f'. th") 

!l'J'nl'\nnt of fllel 'lo:rr!'1::'lr,;C':r;".i.n:;; to l;hm'lc I'1H:lghts 1", UfJf'!rJ ;).Jl the 

balance wD.l :t'f.!'tm.'l'l to :.1:" eql~ll~l),I';':tu!ll poe:!. t.1.on ':".u1 ·th.,3 :l.n:.l.?x 

coir.-.c:\.de wI th. the ?8'I") mark, 

'J'h~: p8JJ O:!!. the prflH!;l.r.'c y-eF,fS::! :1 f1 .1o!ld~d rrrlth 10 (! {P-l F"ure "? J 
",nd the th!:,"'+J"·"'l.~' (lOG1\' 8 (FilOur"! I}) 9"1. .In+t;'\ r'lrtt t lr:n 

r'Mea?lnl;1~,,('r" I'hl:!~'.1t"d. Imtp?/ end l:!<c, \I\'t-l.t01':' C'o'!J",~tE''''. :tn "l. 

Ill€a.rmr.ing "'Be8",1 !"hm.~ t;,mel:mr;J.;,-, .~t th"! ",>!>11tE' tl.llte." HI;:? 

-"""ippin", .''')nn "'I' ~nh" '-01'1114 »,,·1 ·t4~." .].t!~ t1'T',~.'M "'»l"rif)' c ""jl1"f,/... ..'''¢ ',,, . ,.0. -" )<::':'.1 _, ., ';;)'i ,,~'. "-""" .. ".' t,'.~ r; 1:'1 ~" · .. 1) ." _c '.J _. '.il; •• ". 

~ analY8iH t~(·11",(~::r;rj. In ~h, r';('lvJl1:!'ing VG~lB(~l 100 em'" 81lYl!cl:tecl 

and !'e~'Id:1.t).g fir:/" tilll tc:"p"':rH ;u.:;'e!; in:l'ica t,,<d ,11'. '1';0 th t,h"'!.'!an·" 

me teX's shu·tou, 

Rf'ad:l.ng off the: tell1p"r~· tHres a:t:d Gollf:'ct:i.ng th,~ COlVl~'1!;Ht~) 

:l.P. maintr>.·1.fl.00 nr I;r.' the l11omE'n~ -I;lll'! h~l"'.nce wilJ. h",'r? rfJechNl 

~_'!;s equi.Ub ...·i.llm ooucUt:LOTl 'mji:he :1.1'1",;( ct,-1.nc.:l.di\Hl wl-!:h 1:11': 

zero marl!:. J~.t thfl.t til~e, th,~ i;hH1P..-I'I'lV cock in opt !.:) \:!le< 

"Ahi'l!\g~le:r'" !Drtl.~!ll p~~i ti~ln c.l'.,1 thr""'i?fl1Him:; v~8.FJnl :t'e!~(lQ.:rl 

fro"i bsJ GW th.,:; cOllden.B"'. ~~ o'J_tlet. 

http:maintr>.�1.fl.00
http:coir.-.c:\.de
http:lJI'!!.ln
http:pot31.t1.on
http:btlt.crr!.ng
http:S(;,~i;:I.on
http:tempernF.U1


I 
j 

·1 

j 

•i 

I 

\ 

I 
i 

i 
I 

I 
I 

L 

I 

Bc-:h teJ.Ilperata::!"3 reeoj-.D.g9 3.Jld wa-r:er ,;oi:~:;;~tioIlS drs CSl"'ri 

'Jut for ';;;70 or' ~h::.'fle times 9Jld recorded in appl'Op:i:11"4 te 

:nanner, which "n uxample to!' ia gi',en '(,{<low. }!o'1'!e'Vor, 'lib.a 

qT.uu::::ity ot ~ondenaai;e is determ:Lned:mly once while bur..:dng 

~ 0 g 01' ill.e1" 

'~l:lti ty .)f i":.QW 

water collected: m... 
'it "" 10.500 g 

C,uenti ty .:yf ictal !laed ~ IIIE '" 10 g 

Quantity of condensate collec~ed 

wbile burning 10 g of fuel lll;r '" 12.7 g 

\'fa:':'er inl.~t tempel'S. 7:ure 
f ~<',4 '-'~''''t'1''\ 0 ..\0 ..... ",,-J.U.i.,,", 4.J II! o~,e!:kA., .;.

'-'WE '" 15 • .3 0"v 

Wat",;;:, 01.1 n~t "tempera ture 
(arith:n{.;~ic n:.ean) .. 

~WA. '" 
.,r: .o:t 
_",,'fI.., 

0_'1' 
v 

TemperatUl.""l d~,tf (n,""J!lI'l f! 

(sri thmeti~ ~"!:·e.Zl) t ,. tWA - t 'i'lI') '" 10 iC
I 

G:ro~e I:;.nd Net Calor:! tic 

gro8s ealc.r:!.:f:'c 'tt'elu8 tJ:f' 

:icW'".l to the tempf1r9, ~;u.:::e 

'~ombu8i;iun pCU1:'iIlg in. The '!m ];f:!" vepc'.l,!" .::ontained 

combus';;ion ,:rodu\!-:s is 'Jo1!.i:cle1:~~:~'r :)Ol!asnsed ao i:ns"t 

T"r:e g::'OB8 calorific is the calf~t"tl3. tad DY ~6SJ1~ 

values .!'ou:nd accol'd.L~ 

Gross cllor:Li"ic -:ralue! 

http:reeoj-.D.g9


At firat. the heat of evaporation ~ is oalculated from the 
quutity of cOlldenaate collected in the first ua1yeie in 
order to determine the net calorifio value. 

Heat of evaporation: 

where 
r • Heat of oondensation of water 

(2.454 kJ/g at 20 (0) 
mx • Mass of condensate collected in grams 

The net oalorific value is calculated as fol1o~al 

~ollowing result is obtai~dl 
/k -1 

i 
2 DQ 43,961 kJ/kg 2.424 kJ;oSg" S • 12.7 S =40,844 kJ/kg 

7.). Seleoting the Appropriate Burner IOEsle and Replaoement 

The burner nozzles supplied have inner diameters of 0.3 or 0.4 ~ 
and from 1.0 through 1.3 mm. The appropriate burner nozzle is 
selected depending on the fuel or fuel mixture as indicated 
by Table 5. Generally. for fuel!!! incu1ded in the heavy 
hydrocarbons series, e.g. petro1eum,petro1 etc., the nozzles 
being amaller in diameter ahouldbe uaed. On the Qther hand, 
for fuels containing water, e.g. methylated spirit, nozzles 
having a larger diameter are selected. With the nozzle 



properly sized according to the fuel intended to be ~yzed, 
the en t velocity generated nIl draw as much a:1.r as is

I necessaZ"Y to get the tuel btl:rned nth a roa.:t'1:Dg :flame. In 
I esse an inappropriate burner nozzle is selected, either too 

much or too 11ttle air will be drawn causing a lum:1nollS or 
flaring flame, respectively. If this occurs, the combustion 
will be insufficient and can be readjusted by replacing the 
nozzle only. 

Care should be taken when replacing the burner nozzle in order 
to avoid any leakage, as this may result in erroneous 
,<malys1s. 

I An additional error may occur while analyzing fuel mixtures it 
the mixture shows a tendency to separation. 

It is advisable to check the mixture in question for this 
tendency. For this purpose. allow the mixture to rest for 24 
hours. Then, take samples trom the surface, centre and bottom 

I 
I of the liquid and analjze their densities. 

I 
In case the densities found coinoide it can be assumed that 
there is no tendency to separation. 

7.5. Precautions when Analyzing Different Fuels 

I When the calorific values of ditferent :uels are intended to 
be a..nslyzed successively the pressure vessel (r.lould be 
caretully rinsed using the f~el subjected to analysis uext 
and filled tor analYSis thereafter. 

! 
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1 pc 	 of thermome to:~', ':J \) () to graduated in 1/10 OCt 

with m!:l!lu:facturer's I:est cE'.:>tificate 

(for we. tel' h'mpera !;1\.!:'e measu:t'c~ment) 
Q 0 . 0

1 pc 	 of thermome tar.15 G to;o C. gradlle.ted in 1/10 C. 

with mantl'factu:rer's test (~8Tt1f:tcate 

(for water temper'sture mearmremunt) 

1 pc of thermo7l'etf't', 25 °0 to 10°C, gr(Vh1a.te(! in 1/10 °0 , 

with m!'tnufa.cturer'g test aertifiuate 

(for water temper~ttlre mee.!31trement) 

1 pc of thermometer, 0 °c to '100 (\; 

(foJ" waste gas' tempera.ture 1neasu~ement) 

1 pc of pneuml'l.t:l. c pump 

'1 pc of measuring vessel of 2000 emJ capacity 
1 pc 01' 11tElanuring vessel of 100 em) capacity 

4 PCB of burner nozzle (0.3; 0.4; 1.0; 1.3 l1L'i1 in d:l.o.meter) 
~ 

;, pee ot cleaning wire (0.3; 0.4; LOO rum in diem': I;e:d 

4 pca of 1'I.1bber stoppers, f:l. tted with hole 
J m of PVC hose, 10 mm inner diamet?r 

2 pcs of gaB1u,t A 14;;::18 

1 pc of gask"lt C 14x20 

1 pc of teet cerdfice.te 
., pc of operating inatruct::tons 

The pressure vessel screw cap mus t not be loosened lIDless 

the flame is extinguished due to the fuel being completely 

used up. Under no circumstances the screw (HIP is removed 

with a naked flame nearby. 

The heat !!xchange'J:' 1s Eldvined to l;hl' emptind when the 

calorime I;''!' :I.e irltended t,) bEl Ott!; of ~pe:':'H t:l.on :f"or a longeX' 

http:cerdfice.te
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period of time. store the thermometers in the eases supplied. 
The hosa connections are closed using the stoppers supplied 
after having removed the hoses. In any case, the pressure vessel 
is decompressed. 'Thereafter. all parts haV"lng a metallic luster 
are covered using an acid-free oil. 

10. Inspections on the Oalorimeter Pripr to Setting It Into 
Operation or While Rl,n:n1pg 

10.1. Daily Inspeotio~ 

When the laboratory precision calorimeter is continuously
, 

being used for calorific' value a.n.a.lys'is. both bUl"Il.er head 
and nozzle will have to be cleaned dailY_ The nozZle is 

cleaned using the appropriate cleaning wire. A foul bUl"Il.er 
head, particularlY fouled by deposits which are caused by 
the combustion of heavy Oil, is removed from the pressure 
vessel, and acrewed onto a pipe, heated up to red heat and 
blown with compressed air thereafter. The deposits will get 
b~~ed in most of thevaaes. The burner ~ozzle must be 
unscrewed prior to this cleaning operation. If this cleen;D~ 
operation will be completed llnffUcceaefully, the burner head 
in question is replaced by a new one. 

10.2. Annual Inspection 

Deposits caused by the ~tDr passing the heat exchanger will 
be often found on the nest of tubes after the calorimete~ 
has been continuously ron for a longer period of time. These 
deposits adversely affect the at trEUlSfer from the waste 
gas to the tlow water. Therefore, the nest of tubes is 
required to be cleaned thoroug~ly. 

http:bUl"Il.er
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Following instruotions are applieable to the 1aboratory 
preoision oalorim~ter for liquid fuels and gases. 

10.3.1. Set the lal;IC)l'atory preoision oalorimeter out of , , 

operation, empty the heat exchanger and unsorew the cook 27 
(Figure 1). 

10.3.2. Lift off thermometers 17 and 18. 

10.3.3. Unsorew connections at batching cook 14 and drain 
veasel 15 as well as the screw at the support. 

10.3.4. Remove the tree screws on the cover and remove the 
oover. 

10.3.5. Lift off the nest of tubes from t~e outer easing. 

10.3.6. Unscrew the screws holding the flange at the bottom 
of the nest of tubes and draw out the nest of tubes. 

10.3.7. Again rinse the nest of tubes with soda solution for 
several times and pass pure water through thereafter. On 

completion, reinsert the nest of tubes and mount the heat 
exohanger in following order. 

10.3.8. Place the gasket on the flange. If necessary, UBe 
new gasket. ' 

10.3.9. Replace the nest of tubes. Use the same power when 
tightening each cif the sorews in order to firmly connect the 
flange to its oounterflange. 

'10.).10. Fill the interior of the heat exchanger with water 
and cheek the seal at the flange. 



10.,J.12.. I:wlUtrl. the ilmer &feambl,. or the bat uc:b.lmger ad 
< ,~ \., , 	 •• 

not the co.busti.on chamber to 1'~ ·:red on'the aoDde:a.sau 
~o,,", rocated in the heat uoh.a.'D&er bottolll ... ­

10.3..13.. ~n attach both batcbjDg oocl!: 8D.d d.r&.:f.n vesee1 to 
the heat _chenger using the 8cre'llil:l& provided. 'JIo~t the 
overflow.. and', 0llirlet to the ~PPo~ 'III'itll- tb' aarew. 

,
10.).14. Replace the cover ad fasten. to the outer eBeing' 
by meana of the thre,e screw, :reinsert the thermometers ad 

reeto:re the hoses to the appropriate outlete.I 
11. Troubleshoot~!« Quide 

. 
11.1. Incomplete Combu&t1on 

There are seve~ causee. 

11.1.1. 1!he flame is lUlll1l1OUS. 1nsutr1c1ent air is drawn. 
Reirted7: Replace the burner nozzle 'III'i th thBt of a emal.ler 

..diameter in orier to get more air drawn ad,' 
the:rerore, to adjUst the appropriate gas/air ratio. 

11.1.2., Unsteady flame, air is drawn in excess. 

I Remedy: IwiJerl a larcer nozzle. Perhaps reduce presll'N.l'e 
i in pressure veseel. 
J 

11.1.3. 	Intermittent flame due to 1nsuffic~ent. preheating 
or to excessively high pressure 111 the preesure 
vessel. 

Remedy: Reduce pressure in pressure vessel as 1ndicated 

1 under Section 11.1.2. or preheat again. 


I 
t 	

• 
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Insufficient heat tra.nefer from the weste ge.!'l to the 

flow water is caused by residues from the water. e.g. 
boiler aca~e. deposited in the neat of tubes of the 
heat exoha.nger. 

Remedy: 	 Olean the heat exohanger as indicated under 
SeotionTO.J. 

11.3. The Measurins Aocuracy Cert!r1ed is_Hot Available 
/ 

This may be caused by ohanging~over 'the three·-way 
cook too soon or too iate10r by reading off the 
thermometers :inoorreoUy. Furthermore. the precision 
bRlanoe 	is ohecked for proper operation and t.he 
preoiaion gas meter for leakage. 

This may be ca.used by en irregular water supply or a 

faulty heat. exohanger. 
Remedy: 	 The heat excha.nger is required to be repaired. 

1. Purpose 

The le,bora.tory preoision oalorime t.el' is often req'l:!.red to ' 
carry out gross calorifio value e.nalYl'l"es orl. gaseous or 
'. 	 . 

liquid :fuels. Therefore. the labol'latory preoision oulori-­
meter tor gases is provi.ded with additional equipment in 
order to extend the range appl:!.oa.t1on to liquid fuels 
alao. 

1 pc of' laboretory pr'9C ia'.on oalol:'imeter fo:l' gJ!l.S€S 

1 pc of pressure vessel fitted with burner 
~.-.~.~........-- --... ~.-.--..... 



1 po o~ precision balance 
1 pc of counterweight 
1 pc ot: suspension tor pres8tl.re VEI.lle1 
1 po of hosa ltner 
1 pc. of: gasket C 14;1:20 

:3 poa of buElel" nozzle (0 ..3; 0 .. 41 1..0 lID in diameter) 
3 pes of cleaning wire (0.3;0..4; 1..0·lIiIII.in. diameter) 
1 pc of pneumatic pump for pressure wsee1 

> 

J. Installing the Laborato£l Precision Calorimeters 

~ laboratory prec.ision oalortaeter is reset by simply 
replacing the appropriate components according to the 
medium intended to. be analyzed.. In a:try case. refer to the 
operating instructions before resetting the calorimeter. 

\ 

.... ~~....................•• ~ 
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Pree ion gas meter Bllde 
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Let out 'l!esting Operation 

. Rated value overflow of precision gas meter 
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Shaft stuff1n box 
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Laboraty Precisi()Il Calorimeter for Liquid Fuels 
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