s _ | gy wn, the actual
quanti;r:?:;t szxp;?:dmgamd is known and minimum quantity of air required is also b
1213, F‘lfUE GAS ANALYSIS :

':‘ p;::;‘:if and convenient apparatus used for the volumetric analysis of dry flue gases 15 .

-

The construction of the apparatus is shown in Fig. 12.1. It consists of three flasks 4, b and ¢ each

dc?ﬂlalmng different chemical:pf!:ur absorbing CO,, Ozg and CO. The percentage of N 1S abtained by
€. The percentage of SO, in the gases cannot be measured separately by the apparatus. £

The absorbents used in flask ‘a’ are NaOH or KOH solution (one part of KOH + 2 parts of water
by weight) and this solution absorbs CO,. The flask ‘6" contains alkaline solution of pyrogallic acid (5 gm
pyrogallic acid in 15 c.c. of water mixed with 120 gm of KOH in 80 c.c. of water) and this solution absorl?s
92- The flask ‘¢’ contains cuprous chloride (CuO dissolved in 20 times its weight of concentrated HCl till
it becomes colourless) which absorbs CO. Keeping valves x, y and z closed the three-way valve is opened
and the aspirator bottle is moved down, so that the flue gas enters the eudiometer tube. The flue gas is drawn
En’u'rltl.l the level in the eudiometer reads zero. The 3-way valve is closed and then the valve x of the flask
A 1s opened and the aspirator bottle is moved up and down several times pushing the gas into the flask
a containing KOH solution, which absorbs the CO, gas. Now the flue gas is taken into the eudiometer
?y lowering the aspirating bottle and the valve x is closed keeping the original level of solution. The aspirator
is then brought near to eudiometer and placed at such a position that the water level in both is same and
the reading of eudiometer tube is taken. The difference in reading (before absorbing and after absorbing

WODDEN FRAME
3 WAY VALVE FRONT HEADER/— SINGLE WAY VALVE
GASES IN
SINGLE WAY . Y X =—00cc
VALVE H
| lwarer
GLASS
o - /
GLASS TUBES [—F
FUDIOMETER
RUBBER TUBES ASPIRATING BOTTLE

Fig. 12.1. Orsat Apparatus.

& ives the percentage of CO; in the flue gas. The procedure is repeat i .
O g 0 CO T oo o e o b s s
Generally all flue gases contain water vapour due to the presence of hydrogeﬁ By en as N,
apparatus gives the percentages of dry flue gases only as water vapour is condensed at roon‘:el' but Orsat
when the gas is drawn over water. m temperature

: rough a U-tube containi Ici . .
The flue gases may be pgssed throug ng calcium chlorj :
taken into the Orsat apparatus in order to ensure that only dry gas is being ana;}lfeseﬁi ng agent) before

2 hould be CO, first, O, g
order of absorbing the gases s 2 » V3 second and fina) .
becaus? ;xc absorbent used for O; may agsgfg 5‘;‘;“;5035 a“g the percentage of Co}; gcn?c This is necessary
11d i is absorbed first and LU @ vards. Correct sequenc e .
would be less if O b and ¢ are made in duplicate joined together with 5 gclazg ‘:‘ltl’l::f(r:lﬂon eliminateg this
&

difficulty. The flasks 4, - bsorbents. ot shown i
for proper mixing of gases With the 25507 i OWn in figure)
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The eudiometer of 100 ¢ ¢ :
C.C. Cang .
valve at one end can connect the hﬁda::?; ; o rounded by water t koep the tomperatare constamt, A 3-way
with a valve at the neck adjoinin - HUe gas supply of atmosphere or § by SRy
. . g the front he v U Snosp or wolste it. Each flask 15 provsded
to provide increased surface area 5o thyy the i:ﬂ - :::‘:" in figure. It is also filled with number of whes
Eudiometer is connected - SOplion 1s accelerated
bottle position can be changed b f’; f:‘rhmm;g bottle from the bottom by fiexible rubber pipe. The aspirating
of water 1n the eudiometer. ¥ "8 or lowering it. The lifting of aspirating bottle pushes up the level
Working
The chemical solutions in the

flask a, b and :
ne by one by operati . ¢ are brought up to the points 1, 2 and 3 respectively
? are —then cii.used. "E the aspirasar bottle and the valves in each flask. The valves of the flask . b and

All the air or any other

:gnm}: nggiﬁ:’:&x :l:ch;:\ S‘e 3;:’:)’ Va_]vc is then connected to the flue gas supply and the asprated
gas in the eudiometer is agai Gy domctcr reads 2o, taking gt el S . m
5 -1 1S again expelled to the atmosphere to remove the air left in the apparatus (mostly
in the heeder). This procedure is repeated a few times to ensure a fair sample of the gas.

-The pressure and temperature should be maintained constant during the analysis because the volume
1s very sensitive to both the factors.

(1) The apparatus is very handy and fairly accurate.

(2) The percentage of CO, in the flue gas is small and therefore the measurement should be made
very carefully. ‘//
12.14. BOMB-CALORIMETER

The calorific values of solid and liquid fuels are generally determined using a Bomb-calorimeter. The
arrangement of the calorimeter is shown in Fig. 12.2 (@). It consists of a strong steel shell known as Bomb
and is designed to withstand a pressure of about 100 atmospheres. To prevent the corrosion due to high
temperature combustion products, the inside surface is lined with enamel and exterior of the bomb is plated.
The bottom of the bomb is provided with platinum nickel supports and connections to an electric supply.
Two pillars are provided inside the bomb to support th.e Cl'l..ICl.hle made of silica or quartz. It is also provided
with a non-return valve and release valve as shown in Eng. 12‘.2 (a). . ‘ -

The bomb is placed in water bath and water bath _1tself is placed in anat:ber conmner as shown m
figure which acts as heat insulator. The outer vessel is provided with arrangement for inserting a thermometer

and stirrer. tity of fuel is taken (in case of solid fuel in the form of a pellet) in the crucible. The

. A IFnown Q}‘a“ﬂw bomb in such a way that the fuse touches the fuel. The bomb is then charged with
crucible is fixed in of 30 bar. The oxygen charging valve (non-return valve) and release valve are closed
Oxygen L0 @ PresSUlE - 1§ iWaler batrand them TS T15sed with the cover. The water in the calorimeter
BWWS steady, the Tuel is ignited by passing a current through the fuse
e =d and when of the bath starts increasing after the ignition very quickly and th= readings on the
wire. The Wmmmﬂ regular intervals for ten minutes to an accuracy of 0.01°C by a Beckmann thermomeger
thermometer are aken 2 isz,AﬂaMﬂm&mpenmsmfaﬂmgshwly.\“mﬂnm
till the maximum tem the temperature readings are taken at regular intervals for an additional five minutes.
gl e stcfid}' raic-ec tion can be found by plotting time V, temperature as shown in Fig. 122 ().
U0 The o ooi;ng zmecﬁo” should be added to the measured temperature rise.

“The cooling &=

By heat balanwmc fuel due to mmbustifm + Heat given by the combustion of fuse wire

- Heat :al:!sim;”t”.f"‘:< ‘g,C.V— 4+ My CV. = (riy, + m:)® ; where m, = mass of fuel
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Fig. 12.2. (a) Bomb Calorimeter.
M,y = mass of fuse wire ; m,, = mass of water in calorimeter

m, = water equivalent of calorimeter ; 8 = Correct temperature rise
H.C.V. = Higher calorific value of fuel ; C.V. = Calorific value of fuse wire

(m, +m,) 0 -m,;xCV,

HCV. = - |
ik | ‘ «(12.15)

The water equivalent of the calorimeter is determined by burnin

: ! g a fuel of kno i

using the above equation. The fuels used for finding the water equivalent of calmim:?e:aiorl&c value apd
(C.V. = 26565 kcal/kg) and napthaline (C.V. = 40690 kJ/kg). SO SOBAK; aea.

The mass of the fuel used in the crucible depends upon the type of calorimeter and mass of wat
-of water

used. The fuel taken should be such that the temperature rise t is limi
0 wa e "
<3 pe ter is limited to 3°C to minimise radiation

st Ao SR R e e e

The calorific value calculated by the equation (12.15) gi i
i . .15) gives the higher calori
*® H,0 formed during combustion is condensed. For findin g orific value of the fuel because

, . the 1 i
®4uation mentioned earlier vl e g ower calorific value of the fuel, the




