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fntrodaction

Agricultural countries, in common, have an cnormous
quant ity of agricultural wastes. These wastes, due to theiy
carbonaceous nature, can be transtormed, biologically ar
chemically, into fuel. An example of biological transforma-
tion of carbonaceons waste inta fuel s biogas, the process
of which has been investigated and used in many countries,
particularly in the People's Republic of China. However, the
biogas productionn, like other biolngical processes, is slow

and requires a considerable size of reactor.

In contrast to the biological process, the chemical
transformation is fast and nceds a smaller reactor. Moreover
some agricultural wastes, such as rice huask, cannot be
digested biologically, but can be decomposed thermochemi-
cally., The thermochemical decomposition of carbonaceous
materials, generally known as gasification, nevertheless,
possesses some drawbacks: the gas produced (or producer gas)
contains tar and particulates; if they are not removed, they
can damage any internal combustion engine fuelled by the

gas.,

Tt is the objective of this project tao develop a
system to clean the gas produced by 1ice husl. pgasification.
The  cleaning  svstem  undes investigation consists of &

cyclone, wet impingers, and o demister, among these devices,



the impinger is most important, since it wvarks to eliminate
tar and {ine particles from the producer gas. This report
(the third report) outlines the experimental procedute  in
studying the pertformance of an impinger. Also mentioned in
this report are problems encouvntered during the period from

June to November 1987,

The work, performed during the last six months
(June-December 1987), had the following ohjectives:
1) To establish a proper method of monitoring tar and
dust in the producer gas.
2) To develop a method that can predict the performance

of the impinger.

Since the producer gas contains tar and dust, the
performance of the impinger would indicate its ability to
remove these impurities. The performance is, thus, mecasured
in terms of two efficiencies officiency of tar collection,

y and efficiency of dust collection, g .They are

n
tar dust
defined as

Amount of tar removed in the impinger
z e e ettt (1)

tar Anount of tar in the inlet gas

e
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and
Amount of dnst removed in the impinger

n . , R
dust Amount of dust in the inlet pgas

Rigorous analysis of the impinger would require the
knowledge of the Navier-Stokes equations (Sehlichting,
1968). The method of solving these equalions s  very
complicated. In order to avoid such difficulties the method
of dimensional analysis will be used.

In dimensional analysis, a number of variables
thought or believed to affect the operation of the system is
first listed. For the system of the impinger, these variables
could be:

a) System geometry (see Figure 1): the height of the
impinger L, the distance between the nozzle and water
surface Hn, the water level Hw , the impinger diameter Dc.

and the nozzle diameter q].

Figure 1 Geometrical confiquration of an impinger
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b) Fluid properties: the pgas dwnsit)‘pq. the  pas
viscosity By o the tar concentration € the  pacticalate
concentration “p' the tigquid density G the tiquid viscosity My

and the ligquid surface tension o,

¢) Flow properties : the gas flow 1ate Q.

There are 13 variables altogether. However, there
are only 3 fundamental units: mass M, length L, and time t.
The method of dimensional analysis aims to find 4 simple
relation among the dimensionless groups; there are many
methods to achieve such purpose. Nevertheless, the Ravleigh

method (Perry and Chilton, 1973) will be adopted here:

3
n = f(LH_, H, D, D, Pgr g c (3)

tar va pl. l.lll g, Q)

t »

Since, in our study, water is the only liquid used
to capture tar and dust, the liquid properties can be

excluded from the above function. Therefore

= : c,cC ) 4
Near F(L, ., H o DLu Doy pos by 0 Cpo Cpo Q (4)

According to the Rayleigh method, (4) is written as

ab. c d e f n 1 3 k 5
= LY HE DT D Selclo (5)
Near Al n w < n pq 'g t p @

whete A is a dimensionless constant,

The corresponding dimensional cquation is
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The condition of dimensiona) homogeneily gives

Solving the above lincar algebraic equating vields

LP h Hn b “w c Dc d Dn e Ct i C;
N, =A=23)" ( 2)7 (=5 ( 5 D =t (2 (7)
tar H L "
Q g L 1 L pf [
Rearranging (7),
n.._ = A( i’ )a'( Eﬂ)a2 ( Eﬂ)'a-3 ( EET4 ( D“fs { ths ( i: )a7 (8)
tar Dnug L L L L Pe Pe
Define the Reynolds number Re as
Qp
5 - g
Re = B (9)
! n¥

In order to reduce the number of variables, we will
assume that the concentrations of tar and dust have no
cffect on the impinger performance. With this assumption, we

obtain
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Similarly, Tfor the efficiency of dust collection
and the pressure drop across the impinger, we oblain

b H b H b b D b
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where B oand B are dimensionless constants

2
Fu, the Euler group = Ap/pqv (1)
The values of A, B, Fk, N 'H , hz.....h5
¢ PCy v e will be determined by the method of multiple

linear regression (Walpole and Myers, 1972),

Method of monitoering tar and dust in the producer gas

Monitoring of tar and dust in the producer gas has
hecome a major problem in this project. Various methods have
been found in the literature. FEklund and Wanzl (1985)
measured tar as the difference between the mass loss of the
feed and mass of the gas produced. This method would be
suitable for hatch operation in which the mass of the feed
could be easily mecasured at the end of the operation. Chan
et al (1985) estimated the amount of tar in terms of water-
containing condensables, They found that the major
difficulty occurred in quantifying the tar that condensed on
the reactor walls before the c¢old trap. Morcover, the
measured value was only a fraction of total tar «contenl
because tar is comprised of insoluble and soluble fractions

(Duncan, 1981).

In our first attempt to measure tar content , the
producer gas wvas passed into vegetable o1l for about ten
minntes; precipitation was ohuserved, This method  was

discarded since both tar and dust captured in the oil  could



not be separated. Moreover, the amount of tar and dust wvas
very small as compared with the mass of oil used in the

process.

Although our first attempt was not very successful,
it, more or less, paved a way for further development. Our
second step was to reduce the mass of material utilized to
capture the dirt in the gas. This was achieved by using
cotton wool. Since the producer gas leaving the c¢yclone had
the temperature about 340C, it could thus pass through the
cotton wool without damaging it. With this conjecture, 0.06gm
of cotton wool was placed along thé leg of a U-tube. The
producer gas then entered by one leg, passed through the
cotton wool, and leaved by the other leg. In order to
increase the amount of tar captured, the U-tube was immersed
in an ice bath. The method worked satisfactorily. The

separation of tar and dust, nevertheless, <could not be

achieved.

The next step of development was to devise a method
that could separate dust or particulates from the gas prior
to removal of tar. Tar is captured by the cotton wool
because it condenses. If the producer gas is heated to a
temperature higher than the dewv point of tar, the
condensation could be prevented or reduced when the gas is
being filtered. The idea was tried. The producer gas was
heated by electric heater to the temperature of ahout 170~

0
200 ¢, and then passed through a packing of glass wool

~1



(instead of cotton wool), and then through a tube immorsed
in an ice bath. The particles would be captured in the glass

wool, while tar and moisture were condensed in the tube.

The final configuration of the sampling device,
resulted from the above development, is illustrated in
Figure 2. The producer gas entered the sampling device at
A, passed an electric heater B ,was [iltered by glass wool
packed in pipe C, and was then cooled in a number of U tubes
immersed in an i:e bath é; the gas flow rate was mecsured
by a rotameter E. The U tubes could be disconnected (Fig. 3)
so that the <condensed tar or tarry wvater could then be

collected and analysed. 1In Figure 3, the gas entered the U

tubes at D and lcaved at E.

Analysis of tar was another major problem in this
project. Tar consists of a large number of hydrocarbons. To
analyse tar thoroughly would require sophisticated and
expensive instruments. Many investigators measured tar by
gravimetric method; this would be appropriate if the amount
of sample was large. With the continuous process as done in
this project, the sample was collected within 5 minutes;
thus the amount of the sample was not sufficient for
gravimetric analysis. Other methods are thus neecded. 1t has
heen found that the general composition of pyroligneous
acid obtained by thermal decomposition of  any wood vasg
similar but the relative awounts of any one component varijied

vith species and reaction conditions (Nikitin, 1966). Tar is



composed of mainly carban. Morita (1980) had performed an
elemental analysis of tar obtained from the pyrolysis of
peat, he found that 80.1% of tar was carbon and the rest was
hydrogen. With these information, we would measure the
concentration of tar in the producer gas indirectly in terms

of total carhon content.

The total carbon content of tar was analysed by a
Total Carbon Analyzer (Model-525 OlI. Corporation, College
Station, Texas). The operating procedure was carried out
according to the procedure recommended in the instrument
manual, The amount of sampie needed in the analysis was 20
liter. Prior to the analysis, the calibration or standard
curve was prepared hy dissolving 2.15 gm of potassium
biphthalate in 1 litre of C% -free water. This standard
solution «contains 1 g carbon in t liter. Different amounts
of the standard solution were injected into the analyzer,
which would give the total mass of carbon appearing in the

sample.

Tables 1 and 2 summarize the carbon content in the
producer gas entering and leaving the impinger; the size of
the nozzle was 7 mm, the column diameter was 30 em. The
vater level was 45 cm (in Table 1) and 35 cm (in Table 2).

The nozzle was set at various heights from the water surface,



At each conditiaon, six samples were taken; the interval
between each sampling was half an hour, and each sampling
required 5 minutes collecting time. The pressure drop across
the impinger at these conditions was found to vary from 10
to 12 cm of water. The tempeature of the gas leaving the

0
rotameter was found to bhe 25 C.

The tar collection efficiency of the impinger was
calculated according to Eq.(1). The maximum efficiency was
96.2% at the water level of 35 cm and the nozzle height of
1 cm and the ainimum value was 51.8% at the same level of
water and the nozzle height of 3 cm. The variation of the
tar collection efficiency apparently resulted from the
arrangement of the impinger. This variation cauld be
obtajined, wusing Eq. (10). However, this would be achieved

if sufficient data were available.

With particulate <collection, we found that the
weight of the glass wool increased insignificantly after
passing the gas through. We suspected that there might not
be any particulates in the gas. To verify this speculation,
the sampling line was modified, by replacing the glass wool
with glass fiber filter. A vacuum pump was used to increase
the gas flow rate The sample was taken for ten minutes and

3 /hr. No dust was observed on the

at the flow rate of 3 -m
filter. This indicated that the gas produced by this system

was free of particulates.
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For the next six months (December 1987-May 1988),
the following works will be performed:

1. Studying the performance of the impinger for the
nozzle sizes of 7 and 10 mm, the water levels of 45, 35, and
25 cm, the column diameter of 10, 20, and 30 ecm, and the
nozzle height from the water surface of 1, 3, and 5 cm.

2. Performing the dimensional analysis in order to
obtain the correlations between the collection efficiencies

and the geometrical paramcters.

3. Scaling up the cleaning system.
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Efficiency of the i

Table 1

mpinger with the

conditions of:

Nozzle diumeter, n = 7 mm.
Water level, lh = 45 cm.
Column diameter, DC = 30 cm.
gm C/m3
Sample 1 5
No. In Out In Out In Out
1 0.109 0.0317 0.0463 0.0404 .0858 .007
2 0.112 c.042 0.0944 0 .0814 .0128
3 0.111 0.0380 0.0500 0.008 | .0741 .0153
4 0.1%14 0.0487 0.0823 0.008 : .0736 .0156
5 0.0785 0.0291 0.0608 0 L0677 .020
6 0.0823 0.0302 0.0747 0.002 .0713 .0146
Average 0.101 0.0366 0.0680 0.001 .0757 L0142
TH% 63.8 85. 81.
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Ta

ble 2

Efficiency of the impinger with

the condition of

Nozzle diamwceter, hn = 7 mm.
Water level, Hw = 35 mm.
Column diameter, DC = 30 cm.
gm C/m3
Sample 1 3 5
No. In Out In Out In Out
1 0.0237 0.007 0.0362 0.0257 . 0941 0.0340
2 0.0775 - 0.0812 0.0946 L1116 0.0327
3 0.0587 0 0.1110 0.0296 .120 0.030
4 0.075 0.00231] 0.1390 0.0426 .0984 0.034
5 0.060 0.0151 0.134 0.0334 .1368 0.0301
6 0.116 0.009 0.1238 0.0756 13 0.0447
Average | 0.0685 0.0067 0.1042 0.0503 L1123 0.0343
n, % 90.2 51. 69.5
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Fiqure 2 Confiquration of the sampling device
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Figure 3 Arrangment of the cooling section in the
sampling device
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