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The Modern Portable Cas-Producer

THEORY, DESICN, FUELS, PERFORMANCE, UTILISATION
AND ECONOMICS

By BOSWORTH COLDMAN and N. CLARKE JONES

A Meeting of the Institute of Fuel was held In the Meetin
Burfington House, Piceadilly, W.I, on Thursday, December 8, 1938, when the followin
Le. Colonel W, A. Bristow, M L.E.E, (Vice-Prenident) was in the Chair,

presented,

SUMMARY

[. The Importance of Gas Producers.

PRDYEN oll reserves are sufficient to meet the 1935
consumption for the next 14 years. During 1931 to
1934 consumption exceeded discovery, while the reverse
was the case in 1921 to 1925, Any shortage, in peace or
war, would be a danger to the country.  Apart from com-
pressed gas, alcohol, ete., the principal supply of lome
tuel is coal, and a Table shows that to use coal (or its solid
derivatives) in gas producers is between two and three
times as efficient as any oil-from-coal process.
Il. Past Developments

Gas producers, by means of which solid fuels such as
anthracite, low-temperature coke, charcoal, wood, ete,
can be used for lormies, tractors, railcars, ete,, in place of
petrol or dicsel oil, have principally beer developed in
Great Britain, France and Germany. During 14926 to
1935 the Automobile Club de France organised nine rallies
in which standard vehicles equipped with gas producers
took part.

111, Theory.

The basis of producer-gas practice, as is well known, is
the conversion of carbon (through various stages) into
carbon monoxide : a gas combustible in an engine when
mixed with farther oxygen. By adding steam to the
primary atr, hydrogen and more carbon monoxide are
made. This is advantageous for a number of reasons,
notable because of the increase in the calorific value of
the mixed gas, and to reduce clinkering difficulties.

IV, Producer-Gias Plants,
The various types of gas producer are nearly all built
of mild steel sheet, and some use a refractory liner about
the fire 2ome.  The units of which a complete equipment

Room of the Geologieal Society,
paper was

is made up are disposed about a lorry in several alternarive
ways, some of which canse a loss of load space.

V. Designs of Generators.

There are four distinguishable types of gas producer
The updraught, in which the fuel and air move in opposite

directions, generally provides the best gas. The down-
draught can be used with advantage for dirty or tarrv
fuels, The cross-diaught s the simplest in construetion,
and relies on a very high temperature in contrase fo the
other types. The double-draught and double-zome

seck to combine the production of pood (uality tﬂm
the abilita: te use lew-madde fusls,

V1. tras Purification.
Gas purification consists of methods of cooling, shock
baffling, and wet or dry scrubbing in various combina-

tions. The simplicity of the equipment depenas upon the
fuel used and the gemerator in which the gas is made.

VI Fueels * Charvacteriztics and Distribidion.

Fuels for gas producers preferably should be reactive,
be of suitable size and grade, have low moisture and ash,
and have sufficient volatile constituents,  Anthracite has
a high volume calorific vilue ratio, is not very reactive
and has bttle volstile ash or motsture.  Wood is bualky,
but reactive has high moisture but little ash. Charcoal is
less bulky than wood and s highly reactive ; its ash,
moisture, and volatile vary within very wide limits unless
it is the product of retorts.  Low-temperature coke is
homogenecons and otherwise has good characteristics, like
charcoal. Suitable fuel i= svailable here. Not manu-
facture or production, but the lack of distribution
of standardised and classified fuels, is the problem to be
tackled. Steps in this direction have been taken in certain
Contmental countries,
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are compared in Table I (%) in Mﬂnhlk:wi‘
have been assumed for bulk petrol at L. a
gallon ; diesel oil at Is. a ; ooke at 455, a tom;
coal at 18s. a ton
Tamre 1
| .‘

TProoera, per - I ul.t=' .:‘-Ibﬁ.' "u:uu
| SN T "m lomr ‘-l’-ﬁ-
| treated. hn-}.t- (pence!. | (pessc).

Hydrogenation ... . 833 | 30.85 | 9.887 | 0.2117 | 099
Synt hesis | 588 | 2088 | €715 | 03118 | 098
L‘hrhﬂnh 65.1 30 .90 7.728 | 02710 099

w

mm’ 200 |14240)| 3559 | 05084 | o090
Low temperatare

carbenisation

amil  producer- |

gas_ ... 1883 | 7751 |19.378 | 0.1080 | 0.298(%)
Stam ... .| — (100) 18 0.1180 | 0.116
Diesel .. | (100) | 38 0.1867(c| 0.56

(@) - Petrul nly,v_m} FProducer- « M) Imperted diesel
ail, 4d. a gallon (without duty}. e

NoTE.- At present home-produced foel (exempt from duty) is
sold at same price as imported fuel plus duty.

The use of solid fuel for gas-producers is limited to
applications where the extra weight of the gas plant does
not unduly affect efficiency ; and also on the fuel side,
by the desirability or mecessity in many applications of
limiting the size and weight of the a tus by the use
of selected fuels. From the t of the genmeral
economy in the case of :.E to vehicles,
iisahr;“]; lehnh:hnndy e rall!ludmuufu;rﬁ

ape o ic on the
fﬂﬂ?ﬂﬂ for standard types. This consideration efimin-
ates the direct coal-burning steamn engine for transport
purposes.

The utilisation of gas-producers can be uiged u
gmmdsnicm:cinlmyminpm,wmﬂ
producer-gas propelled wvehicles would not present a

concentrated in war, nor would suitable fuels
be so costly or so difficult and to store. More-
of requiring no

over, gas has the adva
W&;ﬂﬁm State funds com to that entailed
oi coal plants, a most important peint at a time
when national rll:mmm are already strained to meet
defence budgets of unprecedented size. Thus the port-
able producer-gas plant provides a reliable and practical
means of using a cheap and readily available home-
produced fael.

ll. Past Developments
(i) Great Britain.

It is generally assumed that Fremch technicians origin-
ated the portable g;&rmdlwu, but most of the imitial
developments were ¢ _out in Great Britain. The first
portable gas-producer of lish design was patented
by Samuel Brown in 1836, is gentleman also designed
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a engine for carriages and vessels () but
n:.-mhhngl t is, however, said that
operated in the London district and that his
vehicle ascended Shooters Hill at a good

In ‘England between 1836 and was very
slow, but deve received an i in 1901 when
James William and Graham John patented (7)
an * Improvement to Motor Vehicles," comprised
a producer to use coke or charcoal as motor fuel.

siderable :‘utehun-hdﬂl:tn M;ﬁuﬂ'}u motor
fuels,~and porta were _ Parker
1917, by D and l-m Hutton
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ts in 1924. -
L i mmdu-‘nd ble attention mmm
uality engine modification for using -
ring the years 1926-30, Clarke Jones carried out Tals
on motor trucks and -farm tractors, using all the low
temperature cokes and charcoals which were availahble.
While certain of these tests were reported, the information
was never collated and it is unfortunate in view of present
requirements that greater note was not takem of these
developments at that time.

g

(ii) France.

In France the economic position following the war
necessitated the utilisation of home resources as far as
possible and producer-gas plants to use charcoal and wood
as fuel received attention. Development naturally fol-
lowed this line since these fuels are the easiest to gasify
and also are widely available and marketed in that country.

The first recorded Fremch investigation was in 1785
by Lebon. Then nothing of importance was done until
Ringelmann in 1900 tried to fit a tractor, and a Paris
bus was equipped with a producer in 1910 ().

An im t development was patented by Imbert
in 1924, and a considerable number of producers
are based on this system (see Figs. 15-17).

The following notes on the rallyes organised by the Auto-
mobile Club de France may be of interest :

In the second Rallye of 1927,('!) the distance covered
was 2812km. These Rallyes were non-competitive in
character but exhibitional in purpese. All vehicles n
this rallye had to average 25 km. during running time.
Participants included four lorries equipped with charveal
producers, three lorries running on carbonite and three on
wood, while one lorry used a special tvpe of peat coke.
Other participants on producer-gas used by officials were
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with 2 gas-producer using semicoke. Unfortunately
supercharger was damaged before the start of the rallye
and consequently the vehicle, with a compression ratio of
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1928, 1,664 km. were covered
were || wvehicles using producer-gas

phll‘ti. mm such plants as Sept, Sagam, Hydroxy-

of 1930, two cars and five lorries
: ' the Pava Supragaz
}, Bellay and Van Hemelryck producers. Diesel

~ veh made their first appearance in this rallye and
< also anthracite and semi-coke were used for the first

In the fifth Rallye of 1931, 2,076 km. were covered in 16
There were four producet-gas propelled vehicles all

m ). The Berliet producer was able to use undried
and had a special

ial apparatus for getting nid of excess

of 1932, 2897 km. were covered
were three producer-gas vehicles,

ﬁ m wood, another charcoal and the third anthracite.

had been fitted on a Lafly vehicle equipped
the

7 of
ratio of 9 : 1, the highest so far recorded.
In the conclusions at the end of the report of the last

" rallye, the + of the operation of the gas-producers
is stressed, it is pointed out that in almost every
* * case the varied considerably with the quality

of the foel available.
producers, the moisture comntent was held to

‘E

‘ comstitute an important factor, whereas for semi-coke and

anthracite the ash content was of particular importance.
During the military manceuvres, 1937, a squadr
i vehicles took part. All
000 and 5,000 kilometres, doing
exactly the same work as petrol-driven lorries. Many of
these lorries were as much as nine ears old{®).
Considerable attention has also been given to gas-
producers in Germany, Sweden. and Italy during the last
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few years, and consideration will be given to work in these

countries later in this paper.
lil. Theory

The methods of making producer-gas and water-gas
have been established for many years. (% 3 and 14
However, Smith (%) pointed out that the application of

-gas plants to vehicles involved considerable
rture from stanJdard tice with large stationary
units. He instanced particularly the reduction in fuel
bed depth, and the much higher capacity of the generator
per unit grate area, while drawing attention to the con-
sequently increased iniportance of keeping the relatively
shallow fuel bed well fed with tael and the grate free of
obstruction.

Solid fuels are complex substances and their conversion
into gas is attendcd by intricate reactions, many of which
are not yet fully understood. It is, however, fairly casy
to trace the thermo-chemical changes, and the authors
would wish to summarise briefly those formule which cover
the principal changes taking place in a gas-producer:—

CO, + C =200 - 38800 cals. (a)
2C + Oy = 20 4 58800 cals. ()
C 4+ 0,=0C0;, <+ 97630 cals. (¢}

200 + Oy & 200, + 136,400 cals. (d)

and where water is meed, or considerable moisture from the
fuel drawn through the fire bed :—
HO +C = CO + H, — 28800 cals. {¢)
HyO + CO = Hy -+ COp + 9400 cals. (/)
C + 2H,0 = CO, + 2H, — 18,800 cals. (g

Broadly speaking, the aim of the producer designer
should be to encourage the changes resulting in the pro-
duction of the combustible gases CO and H,, while keeping
the non-combustible CO, and N, as low as possible

It is accepted that the fuel bed in normal practwe is
divided in r zones—viz . 1, ash: 2, combustion : 3,
reduction : 4, distillation—which merge into one another
In a portable producer, by reason of the selected fuels
the ash zome is almost ehiminated.

In the first place the incoming air reacts with the ho
carbon to form CO, exothermally (equation ¢). Imme
diately the CO, is reduced to CO endothermally (cqua
tion a) ; CO, al’so dissociates reversibly to O, and 200 by
equation (d). The direction of the reaction is decided by
the position of equilibrium (d), (in turn dependent upon
the temperature) and by the contact time. Above
1000° C. (the ise figure varies with the fuel, 1200 1o
1300° for uonf;}d 900" to 1000 for charcoals, (1% (74
the conversion of CO, to CO is nearly complete |
below 1000° the COy tends to remain unconverted.  In
that case, and because not all the heat resulting from i),

formation is absorbed by the reduction to CO, the tem- °

ture will rise (unless the heat is dissipated), resulting
m clinker formation. The addition of steam therclire
serves a dual purpose ; to control the process of gasifica-
tion while tending to reduce the formation of clinker.
It is of interest to recall that the equation (¢} predominates
above 1000° C. and the equation (g) below it.

Thus with the maximum of CO and H, (and the minimum
of COy) as the amm, a temperature of about 000" 1
desirable for a fairly pure carbon fuel. In this connection
Guillon (1*) states that more than 16 per cent. H, is 1m-
possible with less than 2 per cent. CO,

Direct production of CO without CO, is claimed exclu-
sively for cross-draught producers ; but in fact this happens
in all producers with a clean fuel bed.

The nitrogen remains inert throughont
reaction, and in fact acts as a Jdiluent.

Water gas from C +H,0—= U0+ H,contains enly 4 per

the whole
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cent. of nitrogen, while pure producer gas from C 4 air —>
CO -Ng (2. C+ 10, —= COin the presence of other gasesin
air} gives a gas with about 62 per cent. nitrogen. Thus
purelvy on grounds of thermal efficiency the greater the

ciarbon oxidised by H,0

‘ratio . the greater the calerific

carbon oxidised by air
value of the gas, other factors being equal, The a'm of
the maximum of water gas to the minimum of producer-
gas mvelves an economy of solid foel, since water 15 used
to @ greater extent.  Naturally this aim cannet be satisfied
without compromise, since durine the lormation of wate-
gis hesnt s absorbed. and the combustion of the solid fuel
must be matntained.  Thus air bas to be wsed to make
good the heat losses in the producer anet 1o Keep the fue]
alight.

Anyv amprovement o the thermal insalation would
reduce heat loss and permit a greater utilisation of water,
but the eflect may not e very great "'~|||_,rq-|:||r,uir|,',_" |
both incoming air and steam, for example by ontgoing
pases, are also of vahie in reduring heat [nsses,

If the fuel contains wolatile matter, this undergoes o
process of destructive distillation whiwl results in the
production of ethane, hvdrogen, traces of unsaturated
hyvdro-carbons and tarry bodies, These mix with the
reaes from the generat the amount of these substances
depends upon the wvolatile content of the (el woad the
deésien of the genefator in which the el i4 gasifivd. In
general, it can be said that the presence of volatiles is
desirable as long as no harminl sabstances or vapours
reach the encine,

IV. Producer-Gas Plants
(1) Umits.
A producer-gas plant oo cmploved for mobile power
puarpase melndes

il Generator, combined with fuel-hopper

() Conlers -

(T8 =critblwrs .ll:i:l or 1-||t1:"1':

() Air-inlet device -

[} Laas-throttle and, in some cases, starting-fan
and water-regulator,

Phese items are connected by piping.  Description
of (aj, (# and {¢) are given elsewhere. Certain manu-
facturers have employed a valve which attempts to svn-
chromi=e the air and gas required for the engine mixture,

Prate 9.—The induction arrangement ssed with a Wisco
producer,

Prate L —The layout of the unils of a Koela plant on a
Bedford chassis.

PLATE 12.—A Bedford lur:

Silted with a Koela P"I“""'
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valves are effective at low and medium speeds, the maxi-

PrLaTE 2.— Installation of a Brandt producer on a bus.

The gas-throttle is wswally connected to the standard
accelerator controls. A petrol carburetter is generally
retained as a stand-bv and its throttle either controlled
by @ .cparate lever or a main throttle controls either petrol
or gas, a two- or three-way valve being used to supply the
one of the other [Plate 9). ‘

(i) Comsiructional Maierials.
: For the fabrication of ., combustion chambers,

hoppers, coolers and filters, mild steel sheeting is :
This material is usually from 24 to 12 S.W.G.,m

In the case of hoppers, coolers and filters it is usual to
ﬂa_ar treat with anti-corrosive paint after fabrica-

In regard to refractories, these are usually made in one

The units are connected either by light weldless steel
pipes or asbestos-packed flexible steel tubing.

(iii) A pplications.
ucer equipment on standard

The layout of the
! of body and the position

vehicles varies with the type

of the cab in relation to the front axle and engine.

YRR,
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Arrangement of Gohin Poulenc plant on a motor bus.
Fic. 2.
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As a rule, however, the producer itself is mounted on
the side of the vehicle ite to the engine induction,
It may be fitted (1) On tﬁe runming board, in line with m
forward of the windscreen ; (2) partially wathin the cab
taking up most of the spare driver's seat ; (3) or imme
diately behind the cab, where some of the body mav 1
cut away to accommodate it (Plates 1, 6 and 12). In

Producer-gas plant on lorry (Koela),
Fic. 3.

piece.
magnesite, bauxite and high-grade

mﬂ materials have also been employed. Amongst
is a patented refractory (1) max]!:.‘e from ‘chromite
and ferro-silicon, mixed with sodium silicate. This

material was very satisfactory, but expensive.

Grates and tuyeres at one time gave manufacturers
much concern. At the present, special semi-steels and
modern heat-resisting and non-corrosive steels are em-

ployed with satisfactory results,

For the manufactore of liners, carborundum,
fireclay have been
employed.- The last material, which is reasonably cheap,
has proved quite effective in service. Liners made from

buses and private cars the producer is usually carried in
the extreme rear of the vehicle (Plate 2).

The cooler, if fitted, may either be carried transversely
beneath the vehicle, mounted in front of the radiator,
or, in the case where the cooler also acts as a shock filter,
it is generally to be found mounted longitudinally beneath
the vehicle's body on the opposite side to the producer.

The filters may be divided into two classes for hitting
according to whether they are vertical or honzental types.
In the first case, such filters are usually mounted immedi-
ately opposite the producer. This type almost invariably
occupies load space, since, even if this. producer itself is
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accommodated without loss, there is rarely room for a
further vertical evinder outside the bodyv. On the other
hand, the horzontal tvpe can generally be secured be-
neath the body parallel to the main chassis members, or
transversely beneath the body behind the back axle,
without sacnficing load space.

A hnal flter for both gas: and secondary air, if ftted, is
gencrally accommodated beneath the bonnet as close to
the iduction manifold as possible, as is the mixing valve,

Various applications are shown in Figs, | to 4,

V. Gas-Producers

The types of gas-produeer employed for portable pur-
poses Tall into four categories ; —

(@) Up-draught ;

{(#) Down-draught

() Uross-draught

() Double-dranght and double-zone tyvpe.

(1) Up-Dranght producers.

11 this tvpe of producer the flow of air and gas is in an
upward direction and counter-currentwise to the fuel
flow. From the thermal point of view this method 1s the
best, but for tarry fuels the mdilod entails the necessity
of providing effective means of preventing tarry matter
reaching the engine. In this type of [:-rmlurer the various
zones of chemical reaction are lavered horizontally, one
above the other,

I'he following makes of plant operate on this svstem —

trerman * Wisco, Hansa, Humboldt-Deunt 2.
firifish * Koela.

Halian ! Dux,

Fremeh - Malbay, C.G.B.

These designs of up-draught producer use low temperature
cokes, anthracite, charcoal and charcoal brnquettes as
[l

Up-draught  producers are characterised by giving
better quality gas than the Jown-draught or cross-draught

tvpes, and wne the casiest for starting the engine on gas
Gusification is carried out at moderate velocities, and in
most cises steam is added to the entering air stream.
Rimmler (*) states that “ there is better flexibility
with water addition while servicing and cleaning intervals

WISCO PRODUCER

FUEL T G

Fic 5,
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Kodla. g2 (F5f  GAS OUTLET
Fig. 6) comprises a cylindrical ho super- :
on {mﬁb?:ltmn chamber. The Pwmdsina
ich feeds fuel automatically into the combustion .
: 'Ihisd,_h;'npmvﬂai internally in its base FIRE BOX Aobii PAN,
with an chamber for air distribution, the chamber
also sérving to support a grate of heat-resisting steel and a

i '_Wyﬂtﬁnth:}g&nﬁatw shetlillm

el 1o it ! high

the lowest point reached w't'hhuppu;hatm. On top of ARRANGEMENT OF C.GB PRODI/CER.
the refractory a baffle plate is arranged. thus forming a gas-
collecting chamber around part of the hopper spout. The FuRL AT 656
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Fic. 8.

GAS QUTLE
| GRATE
AIR_DISTRIBUTOR
MALBAY PRODUCER HANSA. PRODUCER. .
FUEL INST.630 |
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collecting chamber is connected to a preheater, separately
mounted on flanges. Through the centre of the preheater
passes the air inlet pipe, open at the top and connected at
the bottom to the annular air chamber at the bottom of
the combustion chamber. The air inlet pipe is fitted on
the top with a hand or power pressure fan for starting up

and into this pipe a controlled water supply 1s
fed when the producer is in operation. This double piping
arrangement is an important feature becanse it serves the
pur of heating incoming air and vapourising water
while cooling the gas as it leaves the producer. A door
for cleaning out che ash is arranged so as {w communicate
with the ashpit and the combustion chamber above the
grate, The Koela up-draught gas producer is designed to
emplov charcoals, low temperature eokes and anthracite
as fuels, but provision is made to meet the varving require-
ments of these fuels by differing grate designs and fire
dlepths.

Horizontal type grates are employed with charcoals,
but with mineral fuels a vertical grate with centre cone is
used. The grate for mieral fuels does not, however, rost
on the annular air chamber as above deseribed, but is
arranged within the space made by the chamber.  Pro-
vision is made to withdraw the entire grate from the
venerator 1 desired.

Attention has also been given to providing for fuel beds
of various depths as required by different fucls,

Lie points of impertance in the design of up-dranght
provlucers  inclade —

The area and type of grate ;

Fuel depth; -,

Means of vapourising water ;

Ihe position and method of primary air feed :
Fosition of pas exit.

e e B —

IMBERT PRODUCER .

Fia. 10,

. WET A

{ii) Down-Drawght prodicers.

In this type of producer the flow of air and gas is in a
downward direction and current-wise with the fuel flow.
The following makes of plant operate on this system :(—

Britisk: Koela,

Ttalian: Fiat.

Crerman . Imbert.

Swedish ' Svedlund, Graham-Stedts. )

Fremch - Imbert, Panhard, Sabatier, Sagam, Guil-
lanme, Rustic,

These plants mainly use wood l.ireoal, charcoal briguettes,
raw wood, or tarry fuels.

In regard to the gas quality from this type of producer,
the figuras given under the section dealing with gas are of
considerable interest, and it will be noted that power is
somewhat lower than in the case of up-draught generators.

Down-draught producers are characterised by their
ability to destroy tarry matter and fuel dust, but suffer to
some extent from uneven thermal balance. Water is not
used to any extent with down-diaugu. producers, but
certain manufacturers claim that charcoals containing up
to 25 per cent of moisture can be used with full efficiency.
Panhard, however, indicates that Jow moisture content 1s
desirable by quoting 8 per cent, moisture content for the
charcoal used their vehicle which took part in the
France-Belginm Ralbe in 1926

With regard to wood producers, it is mteresting to nuie
that in the fifth rallve of 1931, Berliet claimed that thes
conld use very wet wood, but a special apparatus was
incorporated in the producer to remove excess moisture
Maisture content of the raw fuel is an important point in so
far  as  wood-using  producers are concerned, and

[{W\ - | /AR INLET.
=~ =

PANHARD PRODUCER.

FIIEL INET 531

Fig, 11
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Guillanme () states that the difficalty in getting the right
hdmd;ﬁmhhﬁmﬁmmﬁ
Tt T s M e T
save in excepti circumstances.
ml::-nmu;m producers are illustrated in Figs. 10 < >

The followins brief descripti X
e . fer= nh-:__ ption of three well-known

Imbert.

This cylindrical down-draught producer (Fig. 10) is
designed to work on wood. It is manufactured in France,
Germany and Italy under licence. The structure com-

prises three concentric

cylinders (of which the
central cylinder is the
hopper), with narrow
spaces between them.
Air is drawn into the
top of the space
between the outside
and intermediate
cviinders and passes Docr
down until it enters
an annular space
before gaining the
fire zone through FIRE
horizontal  tuyeres.
The fire zone is en-
closed by a sharply
" waisted "' hearth of INSPECTION DOOR
heat-resisting  steel,
the  waist "' in fact

acting as a grate. As .
woorl passes down FIAT PROD R. PiT
towards the hearth it

is carbonised, the Fic, 13

maoisture being driven

off as steam and sub-

sequently decom- %
posed. The gas , -

generated passes

SABATIER. PRODUCER pwards bervwe-., the

RIS intermediate and

' " inner cylinder, which

Fie. 12. is protected against

acetic acid, and leaves

again near the top of the producer. The hot gases thus

heat both the incoming air and the fuel. In the German

version there are only two concentric cylinders, the in-

coming air passing dircctly to the annular space previously
referred to

HOFPPER

3

Ash, etc., is removed either through the base. which
consists principally of a door, or through a smaller doeor on
the lower circumference of a producer. .

More than 1,000 of this type of generator are said to
be in use.

It is interesting to recall that Imbert’s patent of 1924, (1%
appears to be the inspiration from which the cross draught s
producers such as Gohin, H.S.G. and Dupuy have been
derived. Imbert himself, according to his patent specifi-
cations, is a French citizen, and not German as has some-

times been stated.
D KOELA.
- —"I.:“__“j_ DOWN DRAUGHT

The Panhard down-draught producer is designed to run
charcoal and is circular in plan (Fig. 11). The com- P
ion space has a refractory liner. Fuel is fed from |
hepper to the fire by a cone from behind which the .
enters the fire zone, having previously been heated Fic. 14.

E’S

RE
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by passing upwards through an annular space between
the refractory liner and the outside shell. This upper
entrance to the hre zone i1s narrow ; then the cross section
expands rapidly through one fifth of its depth and con-
tracts gradually through the remainder. The gas gener-
ated passes immediately to the coolers. The grate is
spherical in shape and can be rotated by means of a shaft
and handle projecting beneath the base of the generator.
Doors give arcess to the fire and ash pan.

Koela.

The producer wsed lor down-draught purposcc i sab-
stantially as emploved for up-draught operation | Fig, 14),
The air-licating-gas-rooling — arrangement s, liowever,
reversed and a suction fan operated by hand or power
drive is employed in place of the pressure tyvpe. The
water supphy 15 also fed into the top of the air inlet pipe
and in counter direction to the air low, whereas in the
up-draught tvpe the air and water flow in the same
lirection.

The majority of down-dranght producers do not emplov
steam.  Points of importance in regard o the desion of
down-draught producers inclade

1. The area of the combustion chamber ;

2. Fuel depth ;

3 Method and positwn of primary air feed.
{iti) Cross-dranght  producers

In this type of producer the flow of air and gas is aeross
the pro lucer. though not necessarily in the same horizontal
plane,  The fuel flow 1s downwards.

The nhject of this design is to concentrate the com-
bustion and reduction zones into a small space, the fire
being in fact built up n concentric zones.

In this system gasification is achieved by admitting air
at very lugh velocity into the fuel bed through a narrow
watcr-cooled  tube (blast pipe)l or tuyere. This results
m the development of high temperatures (2000 . is
claimed) in the combustion zone and rapid reactions.

(hese producers are characterised by their simplicity
of constroction and (uick starting. The following makes
of plint eperate on this svstem .

Bnitish : HS.G.

French  Gobhin-Poulene, Dupuay,

Belgiam © Bellav.
This tvpe of producer uses charcoal, los temperature
cokes and anthracite as fuel. The Gohin-Poulenc plant
emplovs a mixture of anthracite and charcoal and this
mived fuel is recommended.

\n examination of Figs. 15-17 will indi-ate the close
relationship of  the varous cross-draught  prodocers.
There are, however, differences of detail and method
of uperation and these will be indicated in the text,  The
following briel deseription of tour well-known makes will
suthice to show the construction emploved.

leodtin-Powlene (Fig. 15,

Ihis  eross draught  generator of cvhindncal form s
designed to nse charcoal, low temperature coke amd
atthivacite, or preferably a special mixture of the first
amd Last, upon which the performance is guaranteed.
Only slight vanations are desirable for the different fuels.
No retractory liner is emploved with this producer.  The
air is drawn nto the combustion zone through a single
small horizontal tuvere or blast pipe, and creates a very
hot fire zone,  The gas leaves by an orifice slightly lower
and diametrically opposite the tuyere. This orifice is
covered by a grille, the purpose of whicih 12 to Iumllvr
the passage of sohd fuel along with the gas, while impeding
the latter as little as possible, The most important
part of this design is the tuyere, made of copper and
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VERTICAL SCREEN |

!-I

THE TUYERE

- ACCESS DOOR

ARRANGEMENT OF GOH!N ™IULENC PRODUCTER.

Fug, reeTals

Fic. 15

bronze, between which water from the radiator is made
to circulate. Ewven so, it burns away from time to time,
but can be readilv replaced. The cross-section of the
tuvere, through which the air passes, is proportioned
according to the power to be developed. Ash is with-
drawn through a door in the base,

This producer 1s widely used in France where it has been

" HANDLE TO LOWER C.!'HER

H.5.G PRODUCER.

Fic. 18

A i
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w&lnmbuﬂmhmuuhm Over
are said to have been sold.
Modified Gohin-Poulenc available
lﬂﬂnng:m patents by v i

arTangement universally mounted, a
means for removal of slag, when the .-pparlfius is )
zmui a cylindrical shovel which is in

a pipe from the tuvere up the side of the producer
to save danger from blow back. No water is used in

The general form of the H.S.G. producer follows that
suggested in the Imbert patent (Fig. 17) ('") and is not
. Hartner-Seberich (1) draws

The principal fea-

Eu.r-nhaped forms,
the base being at the tuyere. There is not, as might be
expected, a tendency for the fire to rise into the fuel

hopper. regards the water flow, this should preferably
be too rather than too small, when the falls
off noticeably.

Any surplus falls into the ucer base,
where it remains as a reserve against a sudden demand
Immediately below the tuyere is a platform which can be
by a handwheel outside the circumference of the
. The handwheel actuates a spindle on which
right- and left-hand threads are cut. Nuts connected to
the platform by links, moving towards or apart from
one another, raise or lower the platform. The platform

g
3

1

extends only about half acress the producer, and the
-ﬁqhmbiyjnun-indi:lndraw. the inner part
ha a top which still su the fuel if the drawer
:. half withdrawn. Ig'lll it is claimed clinker can

wn during a halt without emptying the remaining
fuel from the : e a
~ As filwal to a specially designed vehicle the producer
is lit by means of a paraffin-soaked wick in the tuver:,
the suction being made by an electric fan near the in-
duction manifold, The fan is driven by the vehicle's
htttﬂ}'.

During a test run the consumption of - ' . fuel (an-
thracite peas) was 157 Ib., while 5} pints of water was
used. The water solid fuel ratio. therefore was only 4.4 per
cent.(2%)

Dupuy.

The Dupuy producer is characterised bv having a
blast pipe which does not protrude into the generator
in the usual manner.

The blast pipe is water-cooled and is fitted with a valve
controiled by a connection to the gas throttle so that as
the throttle is opened or closed the cross-sectional area
of the air inlet is altered The object is to maintain o
comstant air velocity through the firc Jespite the varving
load on the engine. The adiission of secoudary air is
controlled by a valve mechanism also linked to rhe throttle.
Another impﬂl'til'tt feature is the pl‘ﬂ‘l.'fﬂiﬁn ol a4 movalile
platform which serves to support the fuel in the generatin
The platform is provided with suitable gear so that th.:
ash and slag can be lowered from the aur inler and wais
exit from time to time. Through a door in the base 11t
platform can be lowered until clear of the producer se
that clinker can be readily removed. '

Bellay.

The Bellay producer is characterised oy tne water-
cooled blast pipe being arranged in the form of a slot
Another interesting feature is the arrangement by the
as exit from the producer of an insulated carborundum
dock which is wv'ldl:d with a number of holes. This
olock becomes highly heated by the hot gases and serves
to crack any tar which passes from the generator.

Points to be comsidered in relation to the design ol
cross-draught producers are mainly connected with the
air inlet pipe and the gas outlet and mayv be summarnsol
as follows : —

1. Their intrusion into the penerator,

2. Their distance apart.

3. Diameters.

4. Relative distances between their axes amd the
distances from the bottom of the producer

In regard to operation by cross-draught, it is clamed
that the fire zones become concentric. Certain users of
this system advise injection of water direct and contend
that the use of steam in this tvpe of producer i not il
visable because steam rises and ultimately tends to drive
the fire lower. It is also contended that steam i= more
easily drawn through the fire. Refractory liners are it
fitted in cross-draught producers.

1w E=LIra s b M E-L0Re §rodieers.
(iv) Double-Draught and Dowble-Zone Prod

Double-draught producers work on the principle of
the upper part of a bed of fuel burming downwards and
causing volatile matter to be driven off, the volatile matter
then passing through the upper incandescent zone ot the
lower up-draught part of the fuel bed, thus causing com
plete {lﬁ'nmlpmilifm. Altermatively, in double-zone pru
ducers two fuel beds may be employed, these being ar-
ranged one within the other and separate fuel feeds bong
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provided for each bed. The air supply may be down-
wards only through the outer bed, the liot gases then
passing’ upwards through the inner fuel zone or alter-
natively two air feeds may be emploved.
~In double-draught producers the air flow may be ar-
ranged in two separate feeds both current-wise with the
downward fuel flow, or one air feed downwards and the
other upwards.

The design of these producers aims at taking advantage
of the benefits of the up and down draught svstems of
operition

The following producers operate on this system -

French : Brandt. '
British : Koela.

HOFFLR _DOORS — GAS OUTLET

T—~AIR INLET

HOPPER OF THE J :
REDUCING | COLUMN ¥ ¢
FUEL HOPPER —1 o )

AR WERY
NOZZLES

ASH FIT. DOOR

MOVABLE GRATE

BRANDT PRODUCER.

FFre. 18,

Fhese producers are designed to uze wood and charcoal,
brown eoal; heown coal char and tarry mineral fuels.
Lhe following briel description of these producers is not
without interest

Brand! (Fig. 18).

This - interesting  double-zone  generator is  designed
to use wood. though a ecertain quantity of chareoal is
also consumed simultaneously. The eviindrical producer
shell has within it 4 second cyvlinder of approximately
one quiirter of the gutside diameter. The inner cvlinder
contains charcoal, and between the two is wood. [m-
mediately withput the circumference of the inner evlinder
is an annular space through which air is drawn from the
top of the generator, and is delivered to the first fire 2one by
vertical tuveres,

The air passes downwards through the wood towards
the grate, the fire zone being insulated against heat loss
both by a refractory hner and an air gap. The mmner
evlinder descends about four-fifths of the vertical distance
between the tuveres and the grate.  Under 1its lower
rm the Lases purss, and then rise ﬂirlnlgh the charcoal

INSTITUTE

OF FUEL 115

reducing column. A pure and clean gas is said to result
from this construction.

The grate has a rotatable centre section, access to which
{as to the ashpan) is obtained through a door on the cir-
cumference of the base.

A further novel feature of this design is the method of
drawing off excess moisture, etc., during periods of light
Ioad. Tubing connects the outside envelope of the pro-
ducer to the engine's exhaust pipe, the gas being led
through a condenser. The passige of gas through this
system is regulated by an automatic valve, the opening of
which is made to depend upon the aegree of suction or
otherwise in the engine's inlet manifold. Moreover, a set
screw in the valve itself regulates the degree of its opening,
the setting being more open for resinous than for other
woads.

Koela (Fia. 19).
This generator comprises a circular combustion chamber

VERTICAL

‘AR INLET GHT
OR GAS EXIT DOWN DRADGHT

KOELA DOUBLE DRAUGHT PRODUCER.

FUEL AT GLS

Fis, 19,

lined with refractory material which rests upon an annular
chamber., Within this chamber is a slide grate of which
modified forms are available in order to enable different
kinds of fuel to be used. The chamber is provided wit,

slots in the side wall, through which air may be admitted
for supporting the combustion when up-draught is cmploved
or for gas withdrawal when down-dranght i vnsed. A
pipe connection is made to the chamber for the passage
of air or gas.

A fuel hopper is arranged over the combustion chamber
and at the bettom is fitted with an in:lined base which is
provided with a tubular dependence or spout made of a
special  non-corrosive  hezt-resisting  steel.  This  spout
extends some distance into the combustion chamber and
is of such diameter that a narrow passage is left between
it and the refractory liner. The tubular spout acts as an
upper or auxiliary furnace and is provided with a con-
teolled air feed tube which passes through the hopper wall,
The passage between the spout and liner cemmunicates
with a chamber surrounding the inclinetl ‘base of the fuel
hopper, and to tnis chamber there is connected a pipe
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comnection to the exhaust, Anotber zr consists of

tubes set on their sides and superimposed
over dust ing chambers with doors.

(d) Baffle separators are still employed, although

Hartner-Seberich (!7) states that type has lately lost

" some ground. This type an oblong box or

which can be either vertically or hori-

! are within the box which

causes the path of the gas to be frequently and suddenly

, which results in the ition of the larger

solid particles. A particular type of construction resembles

two venetian blinds et closely together, while others have

:
:

FIAT COOLER vents so arranged in bulkheads that the gas has to follow
. a zigzag course.
~ere e 20 OlL SQAKED
i PORCELAIN FILLING Pmcg%m
mwgmmmmmmm- ] ’
as gas when the
foed . 2 G by s el :E\ g
Peints of importance regard to the design <[ double-
draught producers are:— oo
I. The fire areas and depths ;
2. The -elationshin of the fire zones to each other ;
3. The positions of air entry and method of dis- \ ;_\ -
*I.Hiud'p:uita:diurehtimtuthtuir o o e LE}/

VI. Gas Purification '(VAT ER

WISCO_ CLEANER

FUEL waT. 618

Fi.. 22.

(¢) This type is varied and can be divided into [(our
sub-sections :—

(i) Filtration in a scrubber moistened with water

or -

(ii) Washing ; .
(iii) Light roleum washing °
(iv) Dry tion.

(i) Such scrubbers are filled with grivel or coke
moistened with water : or sisal tow, wood wool, metal
turnings or cork moistened with oil.

(i) In sech apparatus the gas on its passage to the
engine is bubbled through oil or water, or passes over an
oil or water chamber.

(iij) In such apparatus the gas passes through a
scrubber filled with metal shavings meistened with light
petroleum. Some of this is carried to the engine.

{ivi In such apparatus scrubbers are partly packed
with coke, wood-wool, or wire-wool. They are cylindrical
and about the size of the producer itself, and in the upper
part, filtering cloth is stretched over frames in the form of
filter bags or filter trays. An alternative arrangement is
to have special filters built up of filtering cloth and wire
gauze.

Complete portable gas-producers embody gas cooling,
purifying filtering equipment selected from arong the
types mentioned above in a variety of combinations. Two
or more methods of purifying and filtering the gas can be
embodied in a single plant—e.g., the coke scrubber for
primary, and cloth filter as secondary purifiers.
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In certam cases, the required tity of air necessary
for combustion in the eugine isqur;?xed with before
w through a final filter close to the Such

g

may take the form of oil wash or be of the dry type,

3

ine filtering cloth or wire gauze. This ensures a
C

'nixture and also encourages an intimate
mixture of sir and gas before the engine is reached.

i

settling chambers.

A particular arrangement can be made in which the
Emdwmdptmﬁﬁriacmbim.i. Such a unit s the
This plant is built in onc unit with the

firdrich plant.
purifying apparatus coucentrically around the fuel hopper.

PANHARD CLEANER.

dust separation, Rosin (*) points out that
the velocity of free fall of particles iE: ﬂf‘:.-l:'ﬂ]ﬂ.ﬁﬂnct for
the separaticn of dust from gas, whether in cyclone or

THE MODERN PORTABLE GAS-PRODUCER

Gohin points out that the removal of silica is especially
troublesome and throws heavy work on the purification

The Sabatier-Decauville cloth filter and a Koela filter
are of particular interest, since they can be very readily
cleaned. In the Sabatier filter it is possible to clean the
cloths by means of brushes carried about them on a shaft
which can be move1 from outside the filter without opening
it. In the Koela purifier, the baffie separators and filter
media are built up on a central shaft. By releasing two
m nuts the entire filter assembly can be drawn from the

, sweeping out dust deposit, etc., the filtering mediun:
dedusted and the whole assembly replaced in 4 few mmute-

T CORK PIECES

FUEL ST 63

FllL maT 1S

Fic. 23.

The purification is in twe stages, first, a centrifugal
separator, and secondly, a cloth filter.

In general, it can be said that the time rc1euimd for
cleaning eut these filters has be.n reduced, while cooling
is improved and purification made more effective, during
the last few years.

It is noticeable that cloth filters are rarely employed
in cases where water or steam is used for gas gemeration.
Dust in the presence of moisture tends (o form a paste
on cloth filters and so thev quickly clog. It is conse-

desirable that the gas should be dry before a
C is employed in the system.

Gohin states his opinion that the use of water for gas
production is undesirable on account of silica fermation,
according to the following reactions :—

Si 4+ ZH —=>SiH,
SiH, + H0—=-Si0, -+ 4H,

F16. 24.—Brandt Gas Purifier.

It is desirable for the gas to be as cool as possible, so
that each charge of a cylinder may coentamn the maximum
heat wvalue, since the loss of velumetric efficiency on
an engine using preducer-gas would be increased if the
air-gas mixture were at a high temperature. Moreover,
cooling devices are of particular impertance when high
water /solid fuel ratios are used, as they then act as con-
densers for any undecomposed steam. Table Il sum-
marises the gas cleaning equipment emploved in con-
junction with various types of gas-preducer.

ViIl. Fuels : Characteristics and Distribution

The fuels nsed with portable gas-producers are as follows :
wood charcoal, raw wood, peat charcoal, lignite or brown
coal, lew temperature coke (semi-coke), and anthracite,
Mixed fuels arc also used, rg., a mixture of anthracite
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and charcoal is employed in the Gohin-Poulenc.  Other
materials tested for the purpose include raw coal, waste
hops, cotton seed, waste tan and bagasse.

Rimmiler {(*} draws attention to the advantages coke
and anthracite have on account of their high weight for
unit volume, {See Section 1N

Factors in connection with fuel which influen, ¢ perform-
ance and are therefore of considerable whportance are

{1} reactivity
(1) size and prading
{1} moisture content
{1y} ash
(vi volatihe content
I'coformance on different fuels i showi fn i 26,
(i} Reactivity.

React l‘LIt‘n IH A impﬂrtant factor in the rate of conversion
ol carbon divside o carbon monoxide, doring the chemical
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reactions whivh take place in a gas-producer.  This rate
of conversion decides the size of generator and depth of
fuel bed for a given output or specified fuel and has
a direct bearing on the flexibility of the plant.  Re-
activity also affects the temperature and consequently
the gas composition when steam is used. 1t is not without
interest to note that only the Koela designs make pro-
vision for different depths of fuel bed for use with various
fucls, The authors are unable to find any comparative
records of determinations of the reactivity of low tempera-
ture coke, but tests have, however, been carried out with
varions beehive and metallurgical cokes (3% the re-
activity value being taken as the number of ml. of carbon
monoxide formed from 100 ml. of carbon dioxide. The
test temperature emploved was 950° €, -

Reactivity can be expressed as the solvent resistivity
to carbon dioxide.

Koppers and Jenkner (¥) take charcoal as standard
for reactivity and give the comparative figures as 180
for charcoal and 80 for gas coke

INSTITUTE OF
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Rimmler (*) states that reactivity, generally speaking,
goes with the age of the fuel. Thus wood is highest
and anthracite lowest.  This also obtains for coke derived
from particular coals, but there mayv be variations in
detail due to driving off part of the volatile constituents.

It has been observed that reactive cokes removed from
a generator after use are blackened o a greater extent
in the case of the more reactive kinds. This has been
found to be a surface plienomenon, but is worthy of note.

Tests on hechive cokes (%) indicate that reactivity
vaiue is not materially influenced by the size of fuel.
Mecger (#%) asserts that structure of surface (which is
dependent on the number of grains) influences reactivity.
JIo also states that the character of coa! and the rarbon
medification, whether amorphous or graphitic, are most
impartant.

In regard to reactivity, this is capable of improvement,
amed varinus provesses have been used for the purpose,
mcluding troating with lime and sodium carbonate and
livating up to 60 € and treating with steam. Other
methds  include  increasing riactivity by heating  the
carbonaccous swostance with a potassium salt such as
potassium phenolate  Potassium i= better than sodium.
Treatment with zine Clonde 15 also suggested. (2)

e Sese amd feritad i,

Size of fael plivs a parr bevanse it has an mfluence on
wit velocity and the conrse of the chemical reactions
which take place in the gas-producer.  Uniform sizing is
desirable, bat if limmts are given not more than 10 per cent.
of wnder or oversize shonld he present.

The fuel size must also be considered because the resist-
ance of the fuel bed should be as small as possible in view
of the fact that producers work by engine suction.  Small
fuel increases the resstance,

The ¢haracter and size of fuel ars <stated by Baume and
King (® to aftect the fire depth required for the best
resnlts,

Grading is also of importance hecause even-sized tuels
overcome channelling and inequalities of draught resultant
from uneven fuels. (hannelling allows air to traverse the
fuel bed withovt contact, and this air is liable to burn part
of the carbon monoxide in the upper section of the
penerator, resulting m carbon dioxide and r quality
gas. Rosin (%) states that with high velorities and de-
creasing particle size the single grain is lifted by the stream
and carried away e fuel bed becomes unstable wud the
hner particles are blown out.

The influence of fuel size on gasification efficiency is
worthy of investigation, and according to Rosin (39 little
is known of the physical aspects mvolve ! in the heating
of a particle of coal or a laver of particles and still less of
the inthierice of particle size

{iil) Moisture.

It is generallv understood that for gas-producer fuels it
i< advisable to keep the moisture content as low as possible,
and one vompany suggests 5 per cent. maximum as a stan-
dard - but this ngure is not hard and fast,

High moisture content reduces the thermal efficiency
of the up-draught producer. since heat is used to drive ofi
the water  In down-draught plants the moisture n the
fite] is converted into steam, and drawn down through the
fuel el where 1t is whellv or partially split up into its
constituents, since the maisture content 1s varable ana
not contrallable, uneven operation and varving gas quality
often results.

According to Rosin (*% voidage— that 15 the interspaces
not filled with solid fuel —is always larger with wet fuel
than drv, the reason being that moisture loosens the pack-

ing density.
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When using raw wood as fuel the greater part of the

stéam is evolved without taking part in the reaction with
consequent thermal losses. It therefore follows that the

hrndmﬂwudum appﬁmtummw

the formation of carbon dioxide (*').

The facts stated above indicate that reasomable care
must be taken to ensure that the moisture content of a
fuel used with portable gas-producers should

H

to a standard if consistently good results are to be achieved.

: {iv) Ash.

The Inter-Deparumental Committee Report of 1919 on
“ Gas as a Source of Power " laid it down that coke for
use in should not contain more than 12 per
cent. ¢ and 6 per cent. of moisture, (3%)

Since 1919 ble progress has been made in the
process of ing and cleaning coal hefore carbonisation,
with result that cokes with ash content of

the
less than 5 per cent. are available for use in portable gas-

In the gas-pruducer field low ash content assists easy
qlulhm increases the vehicle range without cleaning,

a greater mileage per 1 charge.

Tlnhllnn teristics of the ash are also of impor tunce.
For suitable fuel is necessary,
and the ﬂnﬂ_s -m:le certain carbonisation concerns ()

commendable.
In so far as ash content is concerned, raw wood and
nﬂmuﬂadmdadﬂw the ash being

normally from 0.75 per cent. to 2.5 cent. Clinker
formation is rare. Iuthecaseuimuﬂulndim woods—
eg., Dindigo, Beete, etc.—ash contents of these charceals
are high, and such timbers are not suited for charceal
manufacture.

The ash from mineral fuels may be troublesome, and in

producers provision is made to overcome
’ by means of special types of grate. Provision
is also made in some plants for the easy removal of clinker,

generator is operated. It is obvious that generators like
the cross-draught which claim to work at the very high
temperatures, up to 2000° C., will require greater clinker
ﬂiu;-ulsthnnphnt working under more normal

ture condition= of 1000° C. to 1350° C.
inrﬂlnlhe

In this connection it may be of interest to record that
low temperature coke slags at

{v) Volatile Maller.

The wolatile content is of comsiderable importance
becanse of its inflnence on the time required for starting
up and the gas quality obtained from the fuel. Consistent
with the tion of tarrv matter volatile content
can b:uhqh as possible. The low-temperature cokes
available on the marhet are usually consistent and have
volatile matter ranging from seven to as high as 18 per
cent.—the latter figure being that given by a coke made
by rotary retort process from soft coal. High volatile
content a tar content. If more than | gm. of tar
per kg. of fuel is present, special tar-extractors should
be incorporated in the producer equipment.

The volatile matter in wood charcoals covers a wide
range and may be anything from 3 to 30 per cent,
and over.(*) " In general, fuels containing over 20 per
cent. should be used in down-draught producers, but even
in this case the method of manufacture should be taken
into consideration Modern stationary retort fuel, for
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Cll?. hhﬁL‘mtut' in to volatile matter,
but same thing cannot be about heap burnt or
portable retort fuels.
(vi) Natural Fuels : Wood.
Composition: of air-dry wood used in portable gas-
producers :—

Per cent.
Carbon 40
Hydrogen ... 4.8
Ash ... 08
Water 20
Calorific value R250 F Th 1ls per 1h

Size of fuel used: 2cm. x 2cm. * 3 em. up to cubes
60 cm. x 60 em. x 60 em. roughly chopped.
Characieristics. Raw wood varies to a eonsidersble
extent and moisture content is uncertain. There can
be no fixed standard for the moisture content of freshly
felled wood, but that after the wood has remained in
store for a certain time—about 12 months after felling—
the moisture content of the different species becomes
adjusted to a fairly constant figure—approximately 20 po:
cent. Srhvhler and Hartrey found the moisture content
of t'rtshl} cut wood varied from hornbeam, 18.6 per
, to black poplar, 51.8 per cent.(**) For producer
npaﬂtmn oak is preferred.
ing up with raw wood takes longer than with
other fuels and vehicles have low range per producer

cuarge or large hopper capacity is necessary.
(vid) Natural Fuels : Anthracite.

f 'I;ht principal deposits are in South Wales and the
uel 1s of high quality. This fuel is now graded and
classified for 'M'}V purposes. Typical approximate
analyses of anthracite, asused for portable gas producers: -
Amhracite Auithracite
e, Ad
{in. §in. Jm &
Her cent., Her cent
Volatile matrer i 72 A
Ash ; 412 3.5
Muoistare ” T3 A0
Fixed carbon ... =1 a2
Calorific value, B.Th.U snia.lry in 14450 per [, 14850 por T

Size of fuel usnally emploved : 1 in. to | in,

Characteristics - Usually takes longer to start up than
charcoal or coke, but gives good results when in operation.
Has the great advantage of enabling oroducer to run
for about three times as long per charge as the other
fuels owing to the quality of heat available per unit volume.

In the case of anthracite wp or cross-deaught producers
are generally used. The high tempeiatures necessary
with this fuel induce slagging, which is reduced in the
up- as compared with the cross-draught.

(viii} Manufactured Fuels : Charcoal.

The manufacture of wood charcoal is an ancient in-
dustry. This fuel is still manufactured by burming wood
in forest heaps and it is also produced hy means of
portable charcoal kilns or in large stationaryv retorts
with by-products recovery plant. Charcoal 1s largely
used on the Continent in the form of briquettes, which
have the advantages of even size, low moisture content
(3 per cent.), resistance to u:rushlng cleanliness and even

quality.

Elarke Jones (**)—recently reviewed the subject of
chareoal manufacture,



Frervary, 1939

Typical approximate analyses of wood charcoals as used

for portable gas-producers :—
|. Native burned.— Mixed forest wood, Kenya.
Per cent.
Volatile matter 5.38
Axh 253
Moisture . .87
Fixed carbon /542

Calorific value, B.Th.U.s pe. 1b., 13,464,
Weight per cub. it Ioosely packed, 17 K b,

2. Heap burned —Yaruru wood, British Guiana.

Vercent.
Violatile matter F 193
Ash . . . 1.2
Mowsture 5 3548
Fixed carbon 3.3

Calorii 1.;1I||I|:: |:1.Ti1"l'.'~ per [, 12960
Weight per cub. [t joosely packed, 24.25 1h,

3. Stationary refor! imodern).—English mixed hardwoods.

Percent,
Yolatile matter i 18.6
Ash .. . 2.0
Muossture ia e HFE 4.4
Fixed carbon 75

Calorific value, B.Th U.s perib, 13 860
Weight per cub. . !rﬂri: packed, 16 1k,
Size of fuel usnally employed @ §in. 1o § in.
haracteristics . This fuel is highly reactive and gives
easy  starting, satisfactory flexihility and excellent
power  Omality, however, is not very consistent and varies
according to the method of manufacture and the soil in
which tree is grown. The fuel is best prepared from one
kind of wood only per batch. Hardwoods are most
snitable because the charcoals are not so friable and being
heavier give more miles per charge The range of a
vehicle per fuel charge varies considerably because the
weight per cub. ft, of charcoal ranges from 14 to 26 lb.

(ix} Manufaciured Fuels : Low-Temperature Coke.

This fuel is manufactured by the carbonisation of coal
at temperatures ranging from 4257 to 600° C.(3)  Various
systems are emploved to carry out the process of carbon-
wation, which include the use of vertical static, horizontal
layer tvpe, and rotary (internally and externally) heated
retort processes.

Twpical approximate analyses of low-temperature cokes
as nsedd for portable gas-producers —

lmpermally bastes] rotary Exteriutly heated svertical
Tkt retort,
1fer vent. fLrispr) FPer it
Voslatale ki 16 Yolatile mattier R . .
Al 3.7 Ash L
Wit 15 Moisture ] 4.12
Fixed (arban 752 Fixed carbon ... &8

Caboratee vadae, L 22 “I. |31 Us  Calorific valoe 1420 H Th s
o W pdey basis) per 1.

Size of fuel nsually employved : § in. to § n.

Characterisiics © Gives more miles per charge than
charcoal, but starting up takes longer. In general, the
higher the volatile content the better the result, The
Timit is reached at 1 gm. per kg. Cokes made from soft
non-coking coals usually give the best results. Low-
temperature cokes are best used in up- or cross-draught
producers.  High temperatures induce sligging and this
i« reduced in up-draught generators as compated with the
cross< tvpe,

(x) Manufactured Fuels: Brown-coal and Peal-char.

(4} Prown coal.—This fuel can be used as char or
briquettes. In the form of char the fuel is reactive and
gives easy gasification, but has a high ash content which
is subject to clinkering.  Brown-coal char is, therefore, best
gasified in an up-draught gencerator with horizontal grate
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provided with shaking mechanism to handle the high ash
content. A generator used with this fuel is the “ \":ﬁt,"
with a

which is an um;_ , but is alse provided
water-jacket s i th: combustion chamber so that
an ample supply of steam can be passed to the generator m
accordance with the practice much favoured in Germany.
In order to use brown coal briquettes a modified Gohin-
Poulenc plant has been employed with two water-cooled
tuveres placed side by side. The gas, however, requires
careful condensation and washing before use. The follow-
ing is an approximate analysis of brown-coal char :—

Per cent.
Vilatile matter . oo 12,47
Ash i3 2 e 1030
Moisture , i 3.02
Fixed carbon 74.21

Calonfic value, 12040 HTh.1" < per b,

(b) Peat.— This fuel in the raw state contains a large
percentage of water. It can be carbonised - -»~g., by the
Ziegler process—and the residual solid used as fuel for gas-
producers.  For use in portable gas-producers peat char-
coal is usually converted into briquettes.

The following is an approximate analysis of peat char-
voal briguettes . —

Per cent.
VaolatMe matter . i ] 7.6
Ash i Vo e : 4.8
Muousture 2 . e .. AH
Fixed carban 4.0

Calorific value, 12,800 B.Th.U'.s per Ih.

{xi) Distribution of Fuel

It will be appreciated thai there are ample suitable fuels
aviiienle in (reat Britain. However, the utilisation of
solid home-produced fuels is to some extent held back in
this country bv the relative difficulty of obtaining supplies
by comparison with liquid fuels already in great demand.
The users of electric battery and compressed gas vehicles
have to face this problem also, but by reason of the
restricted sphere of usefulness of these types the problem
is more easily solved.

In the case ot gas-prodiicer venicles, wié economy-
cflected is so great that the oil and coal companies should
certainly take advantage of the demand for solid fuel.
The oil companies have a most extensive and efficient
organisation for reaching their customers on the road.
The coal industry also has a widespread distributing
organisation, though 1t cannot serve a customer on the
road with quite the same ease. Since the fuel is primarily
coal, some form of co-operation is desirable both from the
standpoint of the user and the gas-plant manufacturers.
Moreover, it 15 likelyv to be illt'!‘t‘llrlinﬁh' Pﬁ}l‘ltﬂhli" to both
as the utilisation of gas-plants for road transport and
power agriculture develops

The fuels involved in Great Britain are principally
anthracite and low-temperature coke ; also possibly in the
future drv steam coal, carbonised peat and charcoal. It has
been estimated that 700,000 tons of low-temperature coke
and 500 000 tons of anthracite can be made available annu-
allv for use in gus-producers without disturbance of supplies
to other users, [t should be emphasised that tnis would
be an entirely new outlet for both of these fuels.

The standardisation as regards analyvsis, reactivity, size
and size ratio of fuels should also be undertaken. and in
principle the desirability of standardising the most saitable
gas-producer should be recognised by the producer manu-
facturers, In both these respects the formation of the
Transport Producer-Gas Plant Makers' Association is to
be welcomed by users and fuel interests alike.

On the Continent the distribution of standardised fuels
is undertaken., In Sweden it is undertaken under the
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in ‘he production of * a' standardised fuel, aad

the report by M. Baron (V) ised its i

The Gohin-Poulenc o1 nisation, existing distribu-

tors, 4 stane “fuel {(a mixture of chareoal and
in_suitable containers, In Germany dried

In Great lt'ﬂlﬂ.hymd&nmlm
over road by the Traffic Commissioners, a small
number of fuel filling stations would suffice for the
maultydmmh?:m Most vehicles either

from a on known runs or within a eircle

hwnhnd,;?t‘mmﬂl}mdm The percentage of

vehicles liable to go to any part of the country at short
notice i¢ therefore small.

V. Gas Produced in Portable Plants
{i) fﬂmm‘db various ts are
m:’aﬂh 3 o
mlqkﬂ tests carried out with producer-gas
plants, the U.S.A. Bureau of Mines the
calorific value a8 follows : (Framm e e
rdnnw 151 B.Th.U.s cub. ft.
123 B.Th.U.s cub. ft.

ﬂlm the fﬂ]m figures

interesting
mﬂtm 'hyﬁ‘mnmhﬂlmhwaﬁ

m H. 'EH. m’ f.}' Si
i S8 18| B
Up .. e 42 E0S 6.8 16 1.4 0.3 6.6
‘Dowrn o # 12.0 1.1 /.0 1.0 579
ﬁ:ﬁhm'mmammmmm:
with m on sﬁtcm a somewhat

*M m or cross-draught
Ill _uﬂnrmt} l:.heprodm:::
there is n
and cleaners. A

The factors which influence quality of gas procuced

Syt
gas genera an Im Taw
wood consists dﬂpﬁmLCﬂl?.Spm*mt H,. 1.5 per
cent. CH,, T,Spn' . CO,, and 50.5 per cent. N,, the
calorific value -Muglvmul,mmljﬁﬂﬁmlm'

A test carried out with a Koela producer on a brown-coal
char gave a gas of the following composition :—

Per cent. Per cent.
a3, 33 H 0.8
0, 0.8 ch 2.8
co 272 . Ng 55.1
Water fuel ratio employed, 0.31 1b/1.0 Ib. fuel.
(i) Exhaust Gases.

The exhaust of a petrol operated internal conbustion
m;memaymntaln of 10 per cent. of CO, the

exact figure depending upon the completeness of the
combustion. Sample ﬁgurlrs for three fuels (petrol,
diesel oil and producer-gas) are set out below :

PrrroL. DigsEr O1n | PrODUCER-GAS.
Complete |[ncompleteLight Fuu '%nthrtcm: Charcoal.
Itxmbnmim bustion| load. | load. |
co,| 1 | 7. 5.89,| 13.29,! 1460, | 17.3%
co’ u.zﬁ';, | 1u_ﬁ —" 08% 06 I 0.50,
0, 029 | 029 |1249% 14%]| 049% 0,80,

In dense traffic or when stationarv, the exhaust ot a

petrel vehicle will contain more ecarbon monoxide than
it would when running steadily en the open 1ead. Thus,
in circumstances where there is the greatest danger to
public health—i.e., in towns, there is the greatest proportion
of carbon monoxide present.

In the case of the diesel vehicle, rapid changes of load
may result in a very dirty exhaust causing an unplﬂasam
rather than a dangerous atmesphere.

In the case of produrer-gas the exhaust is always clear,
and in no case contains more than 1 per cent. of carbon
monoxide,

Harinful concentrations of earbon monnxide exi<t when
more than (.3 per cent. is t in air. The capacity ol
the petrol engine fitted to the average 1§ to 3 ton chassis is
about 200 cub. in. Thus at Zm’ﬂ r.p.m. (if the exhaust
contains 10 per cent. CO), as much as 3,850 cub. {t. of ai-
per nunute would be rendered dangerous to human healt!:.
Lius figure in terms of the growing traffic in city streets
might well become serious, especially in dense traffic stops.

IX. Fuel Consumption

Figures in Table III and from other sources show
that the consumption per b.h.p.-hour of solid fuel differ-
to the type used and the design of generator in

which that fuel is gasified. Tn general it can be said that

the consumption t varies inversely as the calorific
ﬂhupmumtwetgh‘r a particular fuel, the specific con-
mnxptmbmgﬂaﬂﬂndmagutaw!wdwln

the addition of steam lmﬂ‘d‘l’l‘"‘* to the thermal efficiency

of gasification in a particular pndm:‘:r The engine design
also influences the specific consumpt

The consnmption in.tilruh: thuut I Ib. per b.Lp.
hour.

The

'-:q:-rtme of a hlr solid fuel consumption lies
not so much in the monetary saving thus
possible, but rl.t‘llar in the saving of space and weight of

fuel by comparison with another against
or diesel vehicle of the same LH[‘H'I.L’.‘III'I. and

The mmm pon the
i _ m,ght of a fi‘ndurrr for
a given output, on the In most cases of low ific
the and weight of the Eipiiur

equUIPMent 1S COITesSPORAMELY small’ 10 UNs colneciuin
Rimmler (*) states that anthracite occupies only 1.0 times
the space of the ing amount of petrol, low
temperature coke 2.6 times, and wood 10 times. The
ratio of weights are : petrol, 1 ; wood, 3.3 ; charcoal and
anthracite, 1.5: low tmipm'amrf coke, 2.4.

The following figures give some examples of the consump-
tion of producer gas vehicles :—

E

g
£
_E
EE}

Tamre 1IV.
- . C nsumption
Vehicles, | Unladen Gross Fuel, P IEJ“
Weight Weight. miles,
Lorry  ...| 8.9 tons 13.8 tons Wonod 40} 1
. .. 58 10.7 ,, Charcoal 162 b,
i o 6.7 . Anthracite 118 Ib
Ommibus | 87 ., - x; F!wl-vllge'l*l Chareoal 230 1
Lorry ...} L76 3.25 tons Charcoal o 1h
LT 1as a0, . L.T. coke 108 1b.
JEL 4.55 , L.T. coke O i

Tﬁtmi with a Koela producer on a light tractor showed
that where consumption had previously been 3} gallons of
petrol, 43 Ib. of low temperature coke were 1used per acre.

The Interdepartmental Committee on Gas Traction in
1919 gave figures of 2.2 ton-miles per Ib. of anthraciie and
1.8 ton-miles per Ib. of coke. Comparison of thesz with
those above 1s some indication of the progress which has

been made.
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X, Engine Design
(i} Tiie Significance of Power Loss.

Main (*!) and Fiebelkorn (*®*) have drawn attention to
the generally admitted loss of power of an unmodified
petrol engine using ucer gas. This loss theoretically
a.nounts to some 30 per cent., and in practice in some
cases goes as high as 50 per cent. Fiebelkorn illustrates
this by a sketch showing calorific value of the mixture
in the induction manifold, derived from various fuels.
There are, of course, also differences between various

solid fuels (Fig. 26).

TapsLe V
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engines ; and further ahead, the possibility of a special
engine being dasiﬁl:ed in conjunction with the automobile
industry as a whole.

(ii) The Immediate Future : Engine Modifications.

It is well knowr that the power output of an engine
mainly depends upon iis volumetric efficiency and com-
pression ratio, and its fuel consumption principally upon
the latter.

The scantlings of the majority of engines would permit
an increase of compression ratio, and, indeed, even more
rapid rates of change of pressure than now take place on
petrol. Consequently one of the authors first worked iu
this direction. Clarke Jones (** patented methods of
increasing the compresston ratio, which alse had in view
an improvement in the turbulence and scavenging of
cylinders when using producer-gas.  As regards increasing

Fotrol the eompression ratio, it is possible that a limit beyond
which detonation or pre-ignition would take place has been
reached at about 9:1 {(as used by a Panhard lorry in the

Bengol Oth Rallve, organised by the Automobilz Club de France in

Froducen-gas Ir L ;[

| L — ! . _:-{f - j[-
ﬁ.&ae-g'as - | | F |

| | | /J |

| [ T —— - - e —

Hynfrxypn iR -[ | r // s ]

: | | N T L W

Water-gas | | / | | .

| | | | -~ ; i
7 i [ | . ,:I' I i
Melhase = | VA st
I : a / |. = el ‘:ﬁu —— ] LA
o | | 2 N TR — R
Dutane | |1 | 2 | i Rinmmaae ki 4 i
I H P A 3 I |
5&{;}..11:6 ‘ |'_‘F/""/" i i
| B
= I T Tog : 1 o Bae iixa
h = )‘ P q—p; ing liguid and sobid fust
Fie.. 25 — Power curve, comparing liguid awnd soli L%
R CALORIFIE VALUL OF MIXTURE (Cohin Poslenc)
_ ) = Rutio | : 6 Benzol, | @ 8 Producer (ras,
In estimating the importance of this power loss to
the lorry operator, the rescrve of power now Ilfﬂﬂdﬂ" by 1935). It should be emphasised that these high com-

most vehicle manufacturers o their own engines at the
present time should be borme in mind.  This in part at
least provides against the power loss otherwise associated
with producer-gas.  Moreover, in Great Britain, the EPEE_II.
limit does awav with the necessity for a lorry engme s
maximum output, save for climbing the steepest hills,
Lastly, the good surface and careful grading of most
Hritish roads further tend to reduce the significance of
power loss from the operator's standpoint. The per-
formance now obtained is described in Section X1 and is
tllustrated in Fig, 25.

The power loss can be reduced to less than 15 per cent.
of the maximum h.p.

Nevertheless, both to overcome the prejudices occasioned
by the power loss, and to encourage the operation of
producers overseas, where more arduous conditions obtain,
producer-gas plant manufacturers have also to study
many points of engine design. _

The authors have to consider the immediate future
in terms of cheap and practical modifications to existing

pression rtatio< for producer-gas do not adversely atiect
the operation of life of an engine as might well be the case
on petrol.  On the other hand, it is ible that further
progress may still be made nnder this head by these who
achieve a more successful solutinn of the problems of heat
distribution in high compression cylinder heads than have
vet been made. The authors, among others, are engaged
upon developments of this character. Any further
developments in this direction would probably invelve
reconsideration of the Highest Useful Compression Ratio
values established by Ricardo.(*!)

As regards special pistons, the authors have in mind
further development in this direction, since these offer a
practical method of achieving improved performance
without undue or expersive alterations 1o existing engines.
However, realising that with the gradually increasing
compression ratios now generally adopted by the auto-
mobtle industry, the value of increasing the compression
ratio is diminishing, the autheors have other lines of
development in hand.
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The authors have in view another solution which does
pot involve the same compli as carburetting with
This the authors hope to apply to a standard
on a standard vehicle as supplied

h&yiyngdtbghdhgmﬁmm
There remain: one important line of development. It
is known that various arrangements of an exhaust manifold
can be made to improve power output. In the case of a

515

transport vehicle an increase of 10 cent. in the power
ostput on petrol is only of value even then it is small)

t4 the operator if the back axle ratio is altered accordingly.
, if developments of this character
Id be used to increase obtainable on producer-
from a | engine, not only would the petrol power
once more available, but a 70 to 80 per cent. economy
in fuei costs would be obtained. The authors are follow-
ing this matter also with the closest attention.

Owing to the fact that neer-gas-air mixture burns
more slowly than -air it is generally necessary to
advance the igrition beyond the petrol setting, and tests
by the authors indicate that the correct figure is

the order of 8. At the higher compression ratios
in use with producer-gas, suitable mica insulated plugs
be fitted with advantage, as can dual ignition. With
the latter, it is known that the performance of
epgine is to some extent dependent upon (among
other factors) the distance from the point of ignition to
part of the combustible mixture. With
slower burming mixtures than petrol-air, the importance
of this factor ircreases. The proportion of hydrogen in

the mixture is important. H m is of value in pro-
pagating flame through the ively slow burning carbon
monoxide. There is, however, an optimum value beyond
which a further percentage may rise to knocking,
the figure ﬁ-pmﬂh{“upm the compression ratio
, but influenced by the amount of nitrogen

present in the mixture.

(ii) Further Ahead : Specially Designed Engine.

In the more distant future, other modifications could
with advantage be made for gas operation aiming at
improved volumetric efficiency. Apart from increasing
the swept volume, a square bore to stroke ratio is desirable ;
also larger inlet valves and different lifts, modified in-
duction design, altered arrangement of valve passages, and
retiming of the valves. This last has an important influence
on the scavenging of the burnt gases.

It is now generally recognised that an engine using
producer-gas operates at higher thermal efficiency than
on petrol. In this connection the lower flame temperature
has some influence.

A further method of making good the power loss other-
wise associated with the conversion of petrol emgines
might lie in further improvement of the thermal efficiency.
Erren (%) has perhaps pointed to a line of research in this
direction. By injection of hydrogen through a separate
inlet valve into a cylinder charged with air just beluie the
top of the compression stroke a brake thermal efficiency of
45 per cent. has been achieved. Moreover, this figure is
reached i of the load factor. At present the
thermal efficiency of a petrol engine is accepted as about
25 per cent. in optimum conditions, while the correspon:d-
ing figure for producer-gas is about 28 per cent.

These questions, such as valve lifts, improved thermui
efficiency, etc., are at present somewhat academic, since
they postulate considerable alterations of a standard
engine design. Consequently the authors reserve therr
views upon this subject until the design of producer-ga.
engines becomes of interest to the automobile industry <

a whole.

¥I. Performance and Utilisation

(i) Performance.
Gas-producers are applied either —
(1) To existing vehicles, modifying the existing
engine
(2) To new standard vehicles, a larger engine being
installed ; or
(3 Incorporated into a chassis specially designed
around the producer, including a larger engine.
Methods (1) and (2) are in the greatest use. The per
formance of vehicles in these classes is 2 matter of owt
standing importance, since the economy and reliability of
gas-producers are now accepted. An independent report
comparing the performance of the Bedford 30-cwt. vehick
on petrol and equipped with a Koela plant is of interest. ()
The total weight of the vehicle was 3 tons 4 cwt., made up
as follows : chassis 25 cwt., ballast 25 cwt., body 6} cwt,,
nel 31 cwt., gas plant 2] ewt. The only differene
in the vehicle on the two tests was that a special cylinder
head was fitted, raising the compression from 5.6 to 6.9,
The climbing of two test hills was timed, the first 1,595 ft.
in length with a maximum gradient of | in 11 and an
average of | in 18, the second 960 ft. long with a maximum
gradient of 1 in 9 and an average of | in 12. The time-
on these hills on gas and petrol were as follows : 118 and
109 seconds ; 126 and 105 seconds, respectively.
The acceleration from 0 to 30 m.p.h. through all gears
is shown in Fig. 27. The acceleration from 5 to 23 m.p.h. in
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third gear was better on gas, while the acceleration from
10 to 30 m.p.h. in top gear was better on petrol

The importance of the extra service etc., detailed in
Table III can be estimated m relation to cost from
Table VII. It can be zaid, however, that the conversion of
vehicles to use solid fuel is perfectly sound if the standard
of performance described above is reached.

An important peint in conpection with the power
obtained from an engine running on producer-ges as com-
pared with petrol is that maximum power on gas i< obtained
at a mixture strength slight v weaker than that theoretically
needed for maximum power. Un petrol maximum power
is obtained at an appreciably richier mixture strength than
that theoretically needed. Thus the air setting for maxi-
MU power on gas approximates to the maximum economy.
This is a great advantage, since the average truck driver
is less concerned with economy than with power,

Performances of various tvpes of producer are compared

m Table I11.
(i) Kedsabality.

Interest in this conneciion is twofold : the length of time
{or distance) individual producers have been in operation,
and the number in use in different countries.

Individual Koela units have been in use for upwards of
seven vears. A unit originally fitted to an old lorry has
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been transferred oo new lorrye and still continues to give
satisfaction i regand to perlormance and costs, _ 5
An old tvpe of svedlund producer titted to a Scanta-
Vabis trick of 62 toms load capacity covered more than
R0 000 kilometres between May, 1933, and November,
1937, The owner remarks on the improved performance
of e vehicle nsing the new Svedlud producer in which
team is wsed, and also on the reduction in engine wear by
compuirison with petrol operation, _
Many other examples could be quoted, but these suffice
to show the reliability of modern portable gas-producers.
Reisch (1) eives these hgures for comparative bore wear
neing different fnels, based on tests with 46 vehicles:
In. per
1.iMRy piles,

i, iMKI RS

Wimad ..
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Anthracite . ), (WS
Lignite coke 4
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Peat coke a2
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Bottle gas
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unting locomolive filied with a Hansa
prud ucer.

Prate 8.—4

(i) Udilisation in Great Britain and in Europe.

British manufacturers have principallc been engaged
in the export market, and have only recently made progress
in Great Hritain, [In this country enly 10 or 12 producer-
gas vehicles are in use. This is partly explained under
the headings of taxation and fuel distributior: (pp. 21 and 27).
Standardisation of fuel has only recently been carmed out,
and the fact that special * coalite " is now marketed (%)
is a considerable forward step. Another obstacle to pro-
gress has been the belief held by possible users that if any
considlerable number of producer-gas vehicles were to come
into use, either a tax would be imposed on the fuel or an
addition on the read fund licence of such wvehicles would
be imposed. The history of the diesel vehicle is quoted as
an example in this connection.

A clear statement by the Government of their inten-
tions would remove this objection, and might usefully
take the form that there was no intention to discriminate
hetween home-produced solid and liquid fuel, the future
of the latter having been assured for 12 vears at least by
the acceptance of the Falmouth Report.(*) Remaining
obstacles are tle still high price of conversion in relation
to the price of 4 standard petrol vehicle, and the reluctance
of an operator to payv down capital to save over a period ;
also prejudice still persists among many who regard
prewliicer-gis as a new invention. In due course wscrs”

PLATE T.—The installation of @ Koela generator cn a Hiomber
car.
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Prate 3. —Koela plawd installed on a Carden-Lioyd traclor,

Prate 10.—A fraclor in operation fitted with u Kol
producer.

reports, demons=tritions,
by the Automolbale U lals ok
will overcome minch prepods 1
formance of o mesdern gas ol
have te do with them.

In Geermany lupied or comngn
more rapidly i producer gas
1,207 producer-gas velinlos vt ol

_‘LI"-=!||'I' CHICE IVes 1||| FINETRAE s
Prate 4—.1 Boal operated fv a Hansa producer aml  mentions '_'Tjﬂl‘ =iy Jrea
AL re o oke. 5%

I Tl aabsoonnt SO0 omer oof 1OANWY 10
PIOVOBD goods velibeles, are pro

rFuEL et B30

Priae L Late 1 R T g s s




FEBRUARY, 1939 THE
In France 6,000 out of 500,000 goods vehicles are said
to be equipped with producers.
Producers are also considerably used in the USSR,
and in the Seandinavian and Baltic eountries, but the
authors have no figures,

(iv) Other Applications.

The portable gas-producer has other applications besides
vehicles and tractors (Plates 3 and 10}, For instance,
Koela producers using various fuels are in use in tugs, rail-
cars, and to drive compressors, stationary units (Plate 5,
and electric generating units. Further applications of a
different sort are n view., Continental manufacturers, in
addition to the above applications, illustrate a producer
driving a crane, shunting locomotives, and cars (Plates 4,
8 and 11},

Xll. Taxation and Official Encouragement.
[ij f!‘f“’dh

Both here and throughout Europe as a whole home-
produced solid fuel is not liable to excise or other duty,
whereas petrol if imported pays heavy duty.  Apart from
this indirect taxation, commercial vehicles aie also Hable
to direct taxation assessed on varnous svstems. The
authors do not propose to give full data relating to the
direct taxation (or rather lack of it) on producer-gas
propelled  velicles on the Continent. However, the
remarks below suffice to show that preferential treatment
is given there, whereas in this country such vehicles are
handicapped, This i1s the more unfair, since tie regula-
tions were framed prior to producer-gas being seriousiv
considerad here, :mcr although modifications in regard to
other forms of propulsion have already been made.

(ii) Greal Brilain,

With the object of bringing into line taxation on vehicles
using various fucls a deputation under the leadership of
the Low Temperature Coal Distillers’ Association of Great
Britain waited on the Minister of Transport in April, 1938,
The deputation asked that modifications should be made
in the existing regulations to place the producer-gas-pro-

lled wehicle on a similar footing with other alternative
uels such as steam and electricity.  This invelved
the weight of the gas-producer and auxiliary equipment
being  disregarded in arnving at  the unladen weight

for speed limit and taxation categories. The request was
refused.

To ronsuder one example from among tractors, buses,
and poods-carrving vehicles, the annual road fund licences
payiable on vanous classes of lorry are to be found in
Table V1,

As regards speed limit categories, vehicles v to 2§ tons
unladen are allowed & maximum legal speed of 30 m.p.h. ;
above that 20 m.p.h.

It should be understood that the manufacturers of motor
vehicles for the carriage of goods in pursuit of maximum
strength and carrving capacity naturally tend to design
their var.ous models in such a way that they in fact nearly
alwavs reach the maximum size and weight which will
allow these vehicles to fall within a given taxation or speed
limit class. This follows from the fact that purchasers are
naturally anxious to have as much space as they can for
Lhie money they payv in taxation, and to be in a position to
transport as much as they can at the quickest pace allowed
by the law, Thus in many cases the additional weight of
the gas producer may carry the producer-gas propelled
vehicle into the next higher taxation category. In the
vase of the 2l-ton unladen wvehicle the maximum legai
epeed is likely to be reduced from 30 to 20 mp.h. by fitting
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it with a producer-gas plant, an effective deterrent to the
potential user. The 2 to 2}-ton category comprised 96,560
out of 452,438 goods vehicles licensed in 1937, The same
reduction in prevents the whole producer unit being
carried in a light trailer, a most convenient way of pro-
viding for the rapid conversion of a considerable number
of vehicles from petrol to producer-gas. It is of interest
to recall that the lntt*r-d:];mrtmnetai Committee of 1919
dealing with gas traction (*%) recommended that the war-
time provisions favouring the use of light pneumatic-tyred
trailers carrving compressed gas cvlinders should be made
permanent.
Tapre VI

Gons  VEMICLES
ok |
| atng unal: | Tut on valde
1a%aan Lax o |“'"1F‘"W‘1N-_" gean of weedght
T wlowtr aliv il i I’“"m'l‘" of geeeerator,
nlaken aright. e il Burning 1:" vt ‘t‘l:: o, winchaded
vehiwle. | wehicke. e .Hm‘i:;- I im  unladen
| eluded in wn. | bt ':' el
fadon weight), | Preent.
Nt excesding 12 cwt. £ £ k | E
unladen .. 3 i 10 25 s
oxceeding 12 cwt. but
nut 1 ten unladzsn 15 15 25 a5
Excesding 1 ton but
not 14 ton unisden 2 24 25 us
Exeesding 14 tom but
not 2 tons unlarden i 25 25 W
Fxvesding 2 tons huat
not 24 tons unladen 25 R K] | a5
Excoeding 2§ ton- | I
ot 3 tons unladen i 345 35 &0
Excecding 3 tons but
not 4 tons unladen 35 An &0 70
Exceeding 4 tons but
ot § tons unladen 4ir LU n L1
Exceeding 5 tons bat
ot & Loug anladen 45 0 B 1] 105
For each addigonal |
ton or part theroaof
1o ' | 15! 15

over B tons add ... 1

In connection with Table VI, it should be pointed
aut that not only is the weight of the batteries excluded
from the unladen weight of electrically propelled vehicles
but alse that the Road Fund licence duty in each category
above the | to | }-ton class is very muchless. Thedeputa-
tion previously referred to only asked that the weight of
the gas-prodiicer should "be omitted in arriving at the ©
unladen weight and not for special consideration equal to
that given to the electric vehicle. Corresponding modifica-
tions to those asked for by the deputation have already
been made in the case of steam vehicles,

(i) On the Condinent,

In Germany, since 1935 the taxation of vehicles using
producer-gas and other indigenous fuels has been halved,
Also there was from 1936 to 1938 a State subsidy of
300 marks and upwards for converted vehicles, amounting
to 600 marks in the case of new vehicles.

In France, as in. Aupust, 1938, foods vehicles paid
taxation on account of herse-power, load space, and weight-
carrving capacitv. As regards the first two, producer and
compressed gas vehicles are exempt. As regards the fee
per ton of load, prodvcer-gas vehicles are exempt until
Julv, 1939, after which 50 per cent. under this head will be
payable. Moreover, by decree of June, 1938, 10 per cent.
of vehicles belonging to concerns owning 10 or more
vehicles have to be operated on home-produced fuel,

In Italy a decree is in force stating that all passenger
vehicles have to use home-produced fuel by the end of
1938, but it is considered unofficially that the time will



Tasig VII

Companative OPERATING Costs For 1§, 3 aND § Ton VEHICLES BASED ON THE “ COMMERCIAL Moror " TaBLES OF OPERATING CogTs AND THE RECORDS OF THE
KOELA PRODUCER GAS PLANT CO,, LTD.

il i

14 ton 3 ton : 5 ton
Standing Charges (per week) _ , Difference Producer | Difference
Petrol, | Producer | pigeonce | Petrol. | Diesel. | Difference | FTOJUCer | Potrol | Petrol. | Diesel. | Difference | Gas. Petrol /
| _
|
Licences 10.0 10.0 12.0 12.0 12.0 12.0 12.0 [ 120
Wages ik i i 61.8 B5.0 BR.0 66.0 70.0 68.0 8a.0n 740
Rent and rates 6.0 8.0 7.6 786 1.6 10.0 10.0 10.0
Insurance ... 6.0 8.0 76 7.6 7.4 83 B3 B.3
Interest v i AR | 18 46 4.7 7.7 510 58 88 7.3
Total ... o e e . 870! 18 | +4/8 077 | 1007 + 3/~ | 10210 4+ 5/3 | 1050 1080 +8) | 1126 +7/8 2
m
40 Mifes per wesk— {
Fuel .. .. .. (pence per mile) 121 [ 0.29 — 0.2 142 06| 073 033 | —108 170 | 083 | —0.87 0.40 —1.30 M
Lubricants A @ ) 0.06 | 0.05 010 | 012 008 012 | o014 0.11 S
Tyres .., . { & yo| 033 0.33 (.42 .42 0.42 .60 080 0.60 =
Maintenance E, { = )l 028 0.26 0.29 w28 0.29 P I 1 0.31 0.31
. fe) ( i ) | 048 | 045 062 | 068 01.65 0.70 077 0.73 m
Depieciation . [ i j _ 080 104 0.78 1.4 1.4 0.94 1.49 1.19
Total running costs { ) 311 2.9 J.84 354 282 | 4.37 4.14 a4 N
Tuotal operating costs i e j _ 5.72 517 — .55 B8.57 6.568 - &0 - 1.56 7.52 7.38 -— .14 6.81 — .81
e (£ per week) .. | £9 11 | 28 12 ~19/- | £10 19 | £10 19 | &0 0 19/~ (2|2 8| — 5|t —{lLe m
_ _ >
| | |
B0 M ifes .n_«w teeek- - _ | | _ m
Fuel ... ; " {pence per mile) | 1.21 n.2s 1.42 _ .88 0.33 1.70 0.83 0.40 ™=
Lubri ants A < ) | oos| 003 0.10 | 0.12 0.08 _ 0.12 | 0.14 0.11 %
Tvres { W | 0.33 0.33 0.42 | 0.42 [ 42 0.80 .60 080 s
Mamntenance ___: . { . ) w17 017 020 0.20 ..M _ 0.21 .21 0.2l 72
n [ e { o } 045 0.45 | 0.82 _ 0.68 | 055 | 070 0.77 | 0.73 o
Diepreviation . . { o J 64 084 | 0.83 | 1.07 | LR B | .75 1.189 | I 0.95 o
Fotal running costs ... [ L § 2.86 213 { 1.9 | 3zl 252 | 408 3.74 3.00 o]
‘Tutal pperating costs ( ) 4680 348 0.64 534 | 519 —0.15 458 | — 076  618| 590 —028| 528 0.92 =
G (£ per week) ... il 10 £9 17 £113 | 213 7 _ 213 0| —2/- lmr0 | -£117 | 15 9l 1418 — 14~ | g13 4 2 s m
CBO0 Miles ?.. week _ [ o ~
5 i (pence per mile) 1.21 uz2e 1.42 .68 8.3 | 1.700 § 0.83 | 040
{ i ) in 8 ons 0.10 | 0.2 hi8 ¢12 ] 0.4 | 011 |
Tes .. _ ) .43 i1.33 042 | 042 | 042 | 06 060 060 |
AL ___ﬁ.:.:_m..:... E ) mid 017 .15 015 _ .15 _ LU T 016 | 0.18
a ie] [ J [+ 45 045 .62 068 | | .85 030 | 077 0.73
__..T.:..ﬁ.n._bn__n_ﬂ. _ . | . § 164 .54 .83 107 | .83 _ 078 | 1.19 _ 0.85
Total running costs i } 2 Bh 2.13 3.4 “.-.”_.W 1 247 | | 403 3.68 1 285 |
Tutal operating costs | . } 116 3.50 .88 4 .80 464 .18 402 | 078 561 - 532 | — 24 . 464 -1 97
o pordeeeky oo | EIEST | BIT £2 3 #18 0 £15 8| 12~ |£13 8 | 4212 | (18 14| (17 M4 _ — 410 | {15 10 {3 4
" _
N UTES (i Ietrol, 1 5 per gallon (iv) Mamtenamce (] includes washing, polizshing, panting, etc.
L u) Iresel 0l 1,3 per gallon v) Maintenance (¢ includes yreasing, decarbuniiimg, brake adjustment, ete, Prepared by
EE:#. F.Au_l__.uu._._.._____/ H.._r_..ﬁT.FrﬂH & PARTNERS,
e —— —— — e e e e = e e ———mean — il
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have ta be prolonged. The State pays twn-thirds of the
costs of conversion up to 18000 lire (the actual cost is
given as about 22,000 lire), but there is no rebate in taxa-
tion.

Various forms of encouragement are also in force in
other countries, particularly in the Baltic and Scandinavian
States, but the authors have no details.

By way of contrast, in certain parts of the world where
petrol is indigenous, or a large source of local revenue,
special taxation peralising the gas-producer vehicle has
been pat into force—perlaps an even greater tribute to the
efficiency of the modern portable gas-producer,

(iv) fresivable Encouragement in Greal Britaii.

Attention has been drawn in Section XI amd in this
section (pp. 25 and 27) to the desirability oi o state-
ment on the fiscal future of home-produced fuel, similar to
what las been said in regard to home-produced liguid
fuel, and the desirability of bringing mto line the taxation
on vehicles using various fuels,

These are purely questions of equity.  The Transport
Producer-Gas Makers' Association has urged upon the
Government the importance of further and more positive
action as o defence measure, positive action being necessi-
tited in order to reach at least the proportion of vehicles
fitted i ather conntries during the ]‘-:'riu-r] of handir ipne
in Great Britain,

The Association suggested that the Government shoulbd
have available i reserve of plants for immediate . pplication
ot a state of emergency being declared. Moreover, if a
portion, of this reserve could be fitted forthwith, time
would be saved and experience pained. Thus, if the
resecve were established now, its price wonll be low,
whereas in war both labour and materials would be scarce ;
and if nmits from the reserve were hired to operators at a
charge per mile or month all objections would be met.
The charge could be such as to provide both interest and
sinking fund on the capital involved while still showing
the operator a saving,  So, in due course, the expenditure
would be justified in war, or recovered in peace, securing
meanwhile an mereased independence of imports, increased
employment of miners, and a strengthening of the auto-
mobile industry’s competitive position overseas due to the
reduction in fuel costs thus possible.

LA aurndrs are i complete agreement with “the sug-
gestions of the Assoctation, which has offered to prepare
detailiad proposals i eollaboration with the varions bodies
concernel,

Xill. Comparative Operating Costs

Proslwer-gas can be shown to be the most economical
torm of power,  As an example, Table VI shows compara-
tive operating costs of vanous sizes of lorry over various
weekhy mileiges on petrol, diesel oil, and producer-gas.

The following points are noteworthy

I, The price of a standard vehicle designed for petrol
op-radion but equipped with a gas-producer is less than
that of a diesel-engined vehicle of similar capacity.

2. On producer-gas the wages, maintenance and
depreciation are more than for a petrol velicle, while
fucl and lubricating oil costs are less. Again, the
wages are more than for a diesel vehiole, while fuel amd
oil costs, maintenance and depreciition are less than
for a diesel vehicle,

3. The amount of the nett savings of @ producer-gas
vehicle depends upon the mileage run.  Thus there is
4 minimum annual mileage below which the equipping
of o veluele woulld pot be t-q_'urnrlnlir.dh iltn‘#l!h':l_
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However, the mileage at which net savings hegin is
lower than for a diesel vehicle and the savings are
greater,

The table is hased upon the unladen weight of the vehicle
fitted being such that the weight of the plant will not affect
its speed limit or taxation categories. Otherwise, allow-
ance would have to be made for the extra road fund heence
duty payable (this would slightly inecrease the mileage
figure at which the attachment showed a net saving). In
the particular case of a vehicle being raised from the 2 to
2} tons to the 21 to 3 ton category, it will probably prevent
any nett saving on accoinnt of the reduction in maximuom
legal speed (Section XIT)

XIV. Tendency arnd Development
(1 Temdency.

In Great Britain all types of producer are available, but
the up-draunght has predominated until recently, when cross-
draught types have increased’in number under the mfluence
of French decign. Water is used with plaats of British
!{E::'.Iﬁﬂ. l.if'ij.{ilhl”}' deve tu"lu.'d for charcoal but now able to
use low-temperature coke and anthracite equally well,
(onverswon is the me generally fallovwed both with rrocks
andd tractors, but a new vehicle specially designed for
producer-gas has been built and its development is pro-
reeding

in Germany standard practice is more closslv adhered
to. though considerable progress has been made with the
Imbert down-draught producer using raw woad o fuel.
Otherwise up-draught principles obtain, with  molerate
temperatures and low gas velocities.  There is, however, a
tendency to use the highest possible proportion of water in
ilirect contrast to the methods emploved in France, Con-
version, with and without a larcer engine, is the method
followed, and apart from ordinary fuels plants are being
developed to use lignite and certain classes of anthracite.

In France the down- and cross-draught producers are
now in favour. The tendency is no longer to use water or
steam in the producer.  Many vehicle manufacturers fit
standard gas-producers to their vehicles, Panhard ft
their own down-draught producer and employ their
well-known sleeve-valve engine by giving it a larger
bure than with petrol.  Generators are also in use on
private cars,

Plants are primarilyv designeu wr wood or chareeal, since
France has considerable resowrces of this kind. Attempts
have been made o agglomerate charcoal, and these experi-
ments are heing repeated with certain low-temperature
cokes.

In Ttalv the utihsation of wood and charcnal 5 the
objective, and down. and up-draught plants are manu-
factured for the conversion of standard vehicles.

In Sweden the down-draught principle predominates
with wood and charcoal as fuel, both of which are readily
available,

(it} Develapment of Cenerator Design,

Before considerable progress can be made a supply of
classified and standardised fuels must be known to be
available. In due course a decision will be necessary in
regard to the utilisation of lower grades of fuel, /.., whether
to desygn the producer 10 use them, or to up-grade
these fuels 1 order that thev van be used in existing
producers.

The Fuel Research >tation 15 engaged upon the com-
parison and classification of vanous fuels, os well as the
utthisation in particular of low-grade fuels.  The publication
of this work and the decisions attending upon it will enable
fnrther design steps to be tuken with regud to specific
fuels,
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the mechanical side, the authors’ attention is being
to making the complete plant easier and cheaper
:rﬂmud-p-mtt and to making the plants lighter

- (iii) Cleamers and Filters.
THFMMMMMMMLE

a_'m in the resistance of the whole system to
the flow of gas is also an object of further work.

{iv) Mixture.
If a more intimate air-gas mixture could be obtained
without imcreasing resistance to flow, advantage would

it

(v) Gemeral.
‘The authors consider that the requisite technical know-

“ledge exists in this country for the development work to be
- completed, htmmbhlaulmrelacmwmmwho

possess the know Development beyond the present
w'wuuldhmmh ted by a more general co-opera-
tion not only ﬂ];lﬂlll:er-fas O?Iant manufacturers
themselves, but with fuel and the auto-

-ﬂ-ltth'n:runedmm;ﬁpmnlvehml: much

Em The automobile

ﬂnuﬁgiwntmtmtutudewbpmmtm

of the im in the overseas market

optional the inclusion on a standa
producer-gas plant.
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Discussion

Mr.-J. G. Bemnett [Monler) said that o debt ol

gratibivle s owing to e authors b the proneer waorl
||._-:,|- b dome amd were divne d-rn,-]nllu i pl,lr‘lullllr
e Bpeele:.  Evervene concerme?! in fuel  transpert
‘il prrobdens must realise that this was asubjeon of prime
smportance (e the country,  The anthors and  other
| Costiganers whe were engaged on this proldem Lad 100
d-ereat oxient heen breaking wew ground, because 1he
candlitioees of prosducer-gas mmansport m this rountry. were
ditepent droin these i the continental counines where
thirs maet il oo traction had seen its greatest development,
im France, for ahbvions strategic reasons, the use of chareoal
anel womsl Tl Deen developed in we tocoal. Wi
on the siher hamd,: bad comparatively tew forests,  In
Tiormany, 27 per cent. of the tolal area was con ersd with
fapest=. with 12 hectare per head of population.  In
Frann, 18 por vent. of the area was firest, and 024 fec-
tare per bead of ‘popelaion.  The British Tsles came an
that Dt of thee seale of Encopean countries with 4.8 per
dent) of Torest areas and with 002 bectare per head o
popilation.  Heing thus Iargely  dependen upon im-
parted b, we could not use charcoal to any ereat
extent s foel, - The ambors had therelore quite nehily
tarned ther  agention 1o fuels derived from  Hnnsh
coals. eitlier natural foels of low volatile content, siwh
as anthrarite, of carbonisa] el oartiealarly bow-tem-
peraiuee coke, A careful and  ihonagh stdy ol the
harmoreristics which a solid fuel should pessess 10 permat
it= nse i portable gas producer was, therefure, voe of the
miomt wreent of lasks, in this respect we were Lrtunate
i puese==itgz, throngh the Coal Survey, a degree ol exact
Ll o the claracteristics of our cnal seams parobably
creater than in any other country in the worbl,  There
wae o donht 1hat we in this conntry bad ealised that
1T |!14|'_-|Tit'|1| il 1||'||'|.'ki.!|'l.g Hl!l!'ﬂl.lli'hr rll'l"1"| LLT] Tl'l"ilﬂﬂ"-"
miparbenl oils was of teal national impervance. e wel-
wnal the concloding remarks of 1he paper that this was
o tatter wa which evervone must work shonbder to =houkler,
fwting, as it ohal, the fuel and transport aelisiries as
sl as_thwse commercial coneerms whech lithente Tl
st Ll greater part of the burden.

Mi. Bennent referred to the Advisory Commitiee st
iy the B, UVand Prilisation Research Assoevation
ity with” the Mining  Asseciation of Great Hritam
il the Ueal Utilisation Council.  He stated that this
it Wotil] Begin its investigations a1 a very early

date, and 11 was |IllFlI"l| it l]l'.':l.' would be dhle 1.I'!.I o
trabiste sometling usehul towards the salution of s very
irnipeortant natiomal prablem.

Prof. P, O, Reain Member of Cinmng) i snd be tad
e able to watch the development of. j=rtable gas pro.
ducers for many vears and the iupdr.'!lp!!m Caaliharam
amd Jones was the best survey on alie subject 1hat had
cone to lis notie, Tt was ahmoat- "lﬂfi:wmrf!f
came inte comtact with this problem when ano Wy
woteht on the Uontiment forsemscoke. ami-|
winidid like 1o eonribute 1w the fud <ide nt_'_lhl.'quu
with particular roference to Jow temywiiur® ‘ooke as a0
fwl

At first thie oil from low-tompegagure Dstillanon W
cunsidersd the main product nmlx;r-u- voke @ h;..-.pn.%-
sinee, comtrary ta the conditions me this El‘:ﬂ'l.l'lll'\";;_ 3
domestic markel on the Coptinent was muen restoted
due 1o the absence ol open fires, the gas rar wis, <an-
siddered as 4 possible outbet,  This ambition faikil mamby
becamse switable constmctions of gas-prodacer plafit did
pt exest ot that tune.  Later, the shormess of et
prosneed Piesel vil and motor spirit Tl o g, revival of
the idea of gas cars. and the moral and financial sapport
granted by some Governments bsl to the constructign
of appropriate plants, It tomed out, however, that tom
lttle attention had been paid (o thie properties of the coke
necessiry o give (e nghest cfficency with the least
trouble, Very comprehensive tests, most of them carmed
vt by his former collaborator, Dr, Rammiber, proved
that not only a marked difference existed between seni-
cokes of different makes but lso that those differcnces
greatly influenced  the performance of a gas ear. It
was his firm bebel that m order (o make the gas car a
technical and economi sitrcess a4 cettain standardicition
ol fuel must be agreed upon. This was not astonis<hing
when one realisml the very exactmg speciications which
n ligudd foel was expected to bl to-day. For many
vieard The motor indistre developed their construnons
largelv om the back of the ol indoary, which only by
the greatest efforts of peeanh was able to follow ap
the ever-ipcreasing Jemands ol modern engine constrae-
tm, At that tme. the guestion wis ofter, discussed
whether the internal-rombustion cogine had  to neeet
the fuel or the fuel the enside— Eventually this question
wis decided in favonr of the engine
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Prrrormance Dara Coxcerxixo Various TyrEs o Gas ProDucEk ]
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. —— — —d s
Smes ... ik = Twe. | Five. . Tirer. | Six.
. DRACGRT - cor i Ue. Up. Ur. | Cross. ! Du\:sn.: Zoxs. ) i Up, l)o\v~¢ axp Dovsce.
: . | : ——— Sl LS e EE Ta—— s | 0 : . e | = e
- - 1 I 1 |
Fue! used . Charcoal | L.T. coke | Anthracite Charcoal Peat coke L.T. cokn ' Anthracite | Anv tar-free fuel o aracite, Charcoal L.T. coke r Anthrac: | Mixed anthracite | Wouwd and charcoal topether ‘ Charsoal, LT, doke; pekt Erigueties, Antheacite.
% | coke. L.T. coke, charvoal. I . } and charcoal | ! i
Bswaternsed 2 _ ... e No No No es Ves Ves Yes Yes No — -, —_ ey | N | Yer
2 ' 4 | |f _ | N | Charcoal. L.T. Cae, Unthracite.
Fuel sizes .., vy Small | 1025 mm, 10 /20 mm. 20 /40 mm, | 20 40 mm. 10 /20 mm. ‘ " Nuts 4 Anthracue t 15322 mm, | — —_ 5/15 m:y | = Wood Bem: x 415 cmi-chnrs | i—1m. i—4 n: d-h in
coal i5 25 |
Consumptivn Ib. /b.p. hour 118 ] 123 10 083 10 | - ! o | Lo4 : — \\mlh 1.6 Ib.. charcoal 009 1.0 (NE J.I..-mlmg to 1Ll
i | 01 b, i uel
i : - | —_ — : = 1785 m* /m? hr. of | — Anthracite 1 400mm.* m* hr. — - S [ L5400 m®* m*hr, ! -
Gasification capacity ™ i [
i combustion area | | |
Starting time 5,6 min. 5 /6 min. 56 nun., 5/10 min. | -- | 4,6 min, : hnnmg| by means of o1 by means of engine suction = | 5 8 min. 810 min, 10,12 rn,
. . | | \
Fuel Analysis—*© | =
Moisture et i 4.7 | 7.7 2.1 — - ‘ 265 i I — | a5 a5 2.5 - Wood not more than 18,209, of | 44 43 0
H 1 st ure 1
T = 88 7.9 —~ . 481 . I { — s 631 ' = | 20 | dess than 3.7 a5
Volatile .. o - 13.0 8.6 = [ 742 | - [ s : 25 . - 18.6 16.6 53
Carbon ... — 0.5 | 8.4 839 | 1 | | - | 8477 75.0 752 862
Calorific value ... .. .. - 7,056 keal /kg. 7.750 keal [kg. = | 8057 keal kg | : 7.8900 keal kg, | - = | MRk -~ | 7,700 keal kg 7346 keal kg 8,250 keal kg
. 1 |
G e | | | |
aéodw'“.f: e 0.8 0.5 ng a5 8.25 | . ! 4+—5 L7 08— 1.0 08— 10 17 14 158 | a0 ' 1.8 ' 1.8
o' 0.4 308 204 a;.g : l 23.15 | . 2424 - 284 B0.1—20.3 30,1293 204 i 274 24 98 i 418 | 286 | 290
H wes = - s 7. — 17.85 1418 } = Tk 8.3 | 5 15/19 : 82 | e 150
& = o= = 67 ss | 13.4 I | ¥ . 1.7 57— 55 87— 55 o ) 98 i3[19 | . 1. | o
o B i 08 05 0.6 02 ! — 0.0 | ! 01| 08— 08 08— 0.8 00 0.6 2§ 02 | 0.4 0.3
N Lt o 2 [ 81.5 83.1 61.3 48.3 — 51.9 | Non-combustible - 57 50 G1.7 626633 626633 5898 | 6.9 48 52 57 | 558 488
Calorific valse ... ... .| 1,124 keal/m? 1,108 keal fm® 1,197 keal jm* 1,410 kcal /m? — 1,222 keal 'm* 1216 1.388 keal w? I | - — 1,180 keal m* | 1,125 keal m? — 1,249 keal 'm? 1,220-1,288 keal m? 1,840 keal /m
Water/Solid fuel ratio ... ... — — T 40709 - 689%, | 35,304, = e — - | 15—40e, =
On ... o e — == =1 98 /809, = 602, 1 e, - — | H5—809, -
and ash—h.p./hour .. 1 - . | 30gm. 4+ 4gm. Hdgm. 4+ 6gm. —_ . — ) — _— e | 2 I = I | o
tare at !‘Ibl;':* s 200 C. 150 /180° C. 160/175° C. 400° C. ! =t = [ 280 300 (¢ I 400 300 C. 400 /500°C. 400 /500°C. 400 300 ¢ — 180° /230° at bottom of preheater
at Producer c...t  ...| 70 /85 mm. jwg. 150 /250 150 (190 - — ~— - | s - 2 — = — . 4 . -
Cﬂkwdmu-htl;‘m : p— 0 1100° C o c o o | :..'m suction 12Gmim. wy. - - —_ o | = = | s l —
Filters:—Type T i Dy | Dry Wet Wet Wet Wet | ]:;‘j‘l_ { Dy Dry - | = - -
Inlet temperature i | )" C. . - - - | | - = -
Outlet temperature ... .| _ 30/40°C. werc. | 2psc }Dm"'“ €. _ | A0 C, ) [ = s = ' - - . =
Outlet suction ... - ...| 150 /190mm. jwg. ﬁh.m 185{5?0 Difference 150 200 mm. /wg. - total suction 640-135 according to 200mm. 'wg. suction vy cleaner | 100mm. wg. . ! - =iy ! = | At final £lter outlet 150 350 mim ., wg.
load L | |
v = | | R
Temperature at mixer ... ... 20,25°C. 20257 C. 20281 C. = <n = . s = == | | | = |20 25°C
v —_ —_ 5 80.85 9, m dry cleaner, remain- | = | 3 . -2 L mE
Impurities removed — i All down to 10 mikron (0.0 | mm.) ! ek \l:_‘ :\!E;::rn emain | | Gas to engine, 1-2 mgr, 'm |
Convert vehicles Yes Yes Yes Yes New lorries t Fit to new vehicles with special | Ves Yes . | Vi . Yes |
| #as engine | . | |
Conupression ratio 7.45 745 7 - : go ‘ = High comg i High comg heads fittedl 5.1 | 6575 | - =
Larger 1 ot e i If possible Yes—plus 1 o y + 339, und larger inlet valves Yes, to meet special requirements—about +209
wm e - - No No | No No No No No i No | No T _ v §n t ‘\ID
mixing valve ... .. No No > Yes Yes Yes Yes | No | Yes | Yes — ! = [ No i
efficiency... ... ... —_ = o 85 87 — B0 832, LS 80 35% B0 (859, | mrasq, = | _ | 45 889,
Savings Varies with locality —_ 500, petrol, 109, against diesel | - 8% nett. 30.8% nett. - | — | | See Table VII |
- 1:4°%g; charcoal sl &-w | 800 k. for 90 l: P. gas engine, | | ! |
Weight of apparatus ... . kg. 450 kg. for 65 h.p., including water and fuel including water and fucl 166 kg. for Ford V.8 + difis I V.8 + dificrence in engine il fitted | 450 500 kg. + 40 50 kg, for | 170 180 kg for 65 h.p.
: | | larger engine
: . = Fo ) . - . Carres d bt l; » . | 0 ~orres o .
Reduoction in weight cap . = | uuna:;ﬁ:ﬁ::‘fuu:n :::!I:)}::l in . None | None ! I Corresponding reduction n maximum laden weight.
taciion ity — - - None if fitted in cab None | Neome e . | - | ! N
R in load capacity None i 1 cal | 2,000 2,400 RO, fur Soh . gae | | one
Price Frs. 12,000 plus Frs. 2,000 fitting charges 1,500---1,800 RM. ¢ engme. Produceras lorrv 4804100 £B0-—7100 — | Frs. 21,000, in.luding fitting for | £80 85 (or 65 hp mcluding special cylinder head or pist
b = | at same price as diesel jorry | 75 hop. Citrisen | !
Service— ! [ . - [De-clinkercd duly Cleaned - i '
Firebox—Frequency ... T (i | | Grate agitator moved every 150,200 km., cleaned out 1,000, 1,500 km. Je-clinkered danly vaned sut J Emptied and drawn daily. T daily. The ash may ais0 be withdrawn through | Before starting  each  day,
Fiebox—Time ... .. wh { hour per week | Ash withdrawn daily, wet cleaner every day including topping up [ weekly. L doorin producer base durin base during midday ha: l | withdraw ash, etc., agitate | 400 800 km, | 300 600 km. | 300 400 kn
Cleaner or cooler—Frequency...| » us “ with new water |Emptied weekly | | grate, poke down both fuels, 10 minutes (remove shide grate!
Cleaner or cooler—Time .. | | 2 hours per month | Re-oil filling material every 1,000/2,000 km. g Every 2 or Even 2or3da { Adjust water level in scrub- 100 300 km. 200 300 kin. 250 /350 kn
Scrubber—Frequency .. B B i 5 munutes _{hnmn.. medinn changed abx changed about every 1,44 km. | ber.  Each evening empiy 10 mmutes
Scrubber— Time H | | Washed out daly B Filter cloths changed every 61 Net) 6 mnnths speeial condenser tank. Every 2500 450 km 400 5300 km, | 451550 kn
o ‘"[ o : H More frequently on 1. coke, | - = S km, clean out cleaner, 1 minutes |
! and also necessary to agitate | | Every 1,000 km. inspect pip- |
| the grate during operation, | | ing, wash out cleaner com- I
| | pletelv. Every 2.3 days ex- l |
K 1 = . J amine condenser for tar.
) = ... Charcoal preferred as fuel on account of high reactivity, Charcoal preferred because of low ash, ne sulphur and high reactivity. Anthracite preferred on account Charcoal of 75 25 mixture P5/25 mixture of antheacit < larcoal or LT, coke — Hurdwood charcoal, selected cokes and anthracites, all
ease of cleaning gas. Equally successful with ite, If ch is brig 1, low weight volume ratio overcome. ": greates "“‘::“*‘"‘ 'l:’:"_"“."fﬁ preferred. comparable results.  (Type ol generator and grate
of hopper. From the apera- given fuel spe section V)
tional standpoint any tar-and-
sulphur-free  fuel s equally
wood.

- ———————
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