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CHANGE IN THE STRUCTURE OF CSIR

The Councfl for Sclentifie and Industrial Research, Pretoris, of which
the National Mechanical Engineering Research Institute (NMERI) was
part, was restructured in April 1986, Tha Institute's Hest Machanics
Division was incarporated Into the Division of Production Technology
(DPT), the institute’s Tribology Division was incorporated into the
Division of Materials Science and Technology (DHST), and the naze
‘Ceuncil for Scientific and Industrial Research’ was changed to ‘CSIR'.

The tests which were carried out befors CSIR was restructured are
rafered to in the text as having been carried out by the National

g ng Research Institute, whilst those carried out
after restructuring are refered to as having been carried out by
Division of Production Techrology and the Division of Haterials Science -
and Technology.
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CHAPTER t

BACKGROUND

1,1 Fuel Crists

In the late 1970's the demand for dlesel was growing wore rapldly than
that for petrol, as shown in Fig 1.1, and the possibility er sted that
the refineries would nat be sble to produce sufficient dizses derived
from crude ofl,

FIGURE 1.1 South African petrol and dlesel demand, 1966 to 1984

Sourcer DMEA (1985)
The graph shows that the demandg for petrol and dlesel diverge after
approximately 1980 giving the (spression that the crisfs had passed by

then,

Hawever, should a shortage of fuel occur for whatever reason, strategic
transport and agriculbure would have to be kept mobile, These sectors




are generally povered hy diesel-fuslled englnes and therefare 4 need
still exists for a strategy to maximise the yield of diesel fram each
barrel of crude ofl.

To thisz end, sploratory tests were carried out by NMERI to determine
what steps would be required to achieve this cbjective.

1.2 Bxplorstory Tests

These exploratory tests were carcied out to evaluate methods of
extendling the quantity uf diesel fuel produced from crude oil, but only
thase fuels and blends wnich could be used {n a vehlcle's existing fuel
system were considered for evaluatien because of the fmportance of
being able to swltch from one tuel to another quickly.

The products which uere investigated as substitutes for, ar extenders
to, Giesel fuel Included petrol and heavy naphtha derived from crude
o1, sun-flover oil, and the alcohols Including methaRol, ethanol, and
*propanol-plus' (CSIR {1978), CSTR (1979}, CSTR (1980 a), CSIR

(1980 b}}. Propanol plus (s a mixture of propanol and higher alcohols
and 18 & by-product fram the Sasal-ofl-from-coal pracess.

Laboratory tests were successful with blends of dlesel-pecral and
diesel-heavy naphtha [CSIR (1980 a)], and this led to a limited fleld
trial belng carried out using dlesel povered buses belonging to the
Precoria Clty Councll (Myburgh (198133,

1.3 Involvement of Government and Of1 Industry

The results obtatned from the exploratary tasts were submitted to the
Department of Mineral and Energy Affairs (DMEA) which, by 1960, had
established a 'Light Diesel sub-committee' which prepared a
specification for a 'light diesel’ which could be preduced from crude
o1l f an emergency. At the same time discussions were held between
CSTR aud British Petroleum Southern Africa (Pty) Limited (BP) which led
to the preparation of a specification for what BP vonsidered to be 2
‘worst case light dlesel' rhat could be produced from crude ofl using
products availsble from existing refinery streams. The physical




properties of the DHEA's 'emerguacy light diesel’

and BP's worst casg
Light diesel were similar,

1.4 Laboratory Tests

Tho effects of using the worst case liaht diesel were investigated
using an APE 236 dlesel englne which waa selacted hecause 1t was known
to be semsitive to ‘off-specification’ fuels [Myburgh (1503)1. The
engine was subjected Lo a durability test, and the first signs of
mechanical stress were detected after anly 100 hours, The test was
stopped after 340 hours, hecause of severe erosion of the piston crown,
an exanple of which 15 shown in Fig 1.2.

FIGURE 1.2

Severe erasion of piston crown

Source: Falk and Hyburgh (1987)

This erosion was found to have heen caused by the poor corbustion
characteristics of the fuel.

L5 Afm of the Investigations

The fatlure of tne ADE 236 fuelled with the worat case liaht diesel led
o laboratery Eevts belng carrled ouk bo determine what steps would be
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required to ensure that the engine could be opersted satisfactorily
when fuelled with light dlesel fuels.

When this had been determined, simllar tests were carried cut on an
ADE 314 diesel engine and on a Deutz FSL 413F diesel englne, both of
which were selscted because of thelr lmpartance {n transport.

The results of the first ADE 236 test carried out by Hyburgh (Myburgh
(198311 are discussed {n Chapter 7 together with the results of the
subsequent vork. Hote should be taken that the experimental verk
described in this dissertation relates only to diesel and extenders
Gerived from crude oil.




CHAPTER 2

AUTERNATIVES AVAILABLE

This investigation concentrated on the effecks on engine performance
and dursbility of operating on light diesel fuels which could be
{ntroduced as a short-term expedient In an emergency, and what steps,
1f any, would ba necessary to ensure the engines' survival.
Alternatives exist in the longer term for increasing the yield of
dtesel which may be used in engines requiring little or no
modification, and for using 'new' fuels in modified engines. Some of
the alternatives deseribed below {ndicate how this investigation flts
{nto the broader developments In the fields of fuels and engines.

Sectfons 2.1 to 2.3 deal with fuels which may be used in engines which
sre esgentially unmodified, and Sections 2.4 and 2.5 deal with fuels
for which modifications have to be made fo the engines.

2.1 Diesel

fuels derived from crude ofl are expected to predowinste until
approxtmately 2010 by which time fusl from alternate sources will start
to make an impact (Heywood 1981}. Optfons exist for enabling vehicles
%o travel further efther by reducing the quantivy of diesel used by
wmaking vehicles more efficient, or altarnatively, by increasing the
total quantity of diesel fuel available. The latter option may be
acconplLahed by changes in refining processes, or by adding water,
other hydrecarbons not currently used, or by dual-fuelling engines with
potrol, alechol, or gas.

The manufacture of diesel from non-crude oil raw materials is dealt
silth below In Section 2.2, and mixtures of diesel with alcohol are
deslt with in Section 2.5 below,

R
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2.1.1 Changes {n refining routes

The cetane number of diesel fuel in various {ndustrialised countries
varies between 40 and 50, slthough diesel of 32 cetane number is being
used fn Western Canada [Anon (1984 a), EMA (1979)]. For comparison, the
minioum cetane number in South Africa is set by the South African
Bureau of Standards (SABS) [SABS (1969)) at 45, although the industry

norm i3 48.

Changes In the qual{ty of diesel fuel w{ll result from changes in the
refining processes |f more cracked components are added to dissel ta
incraase the yleld [Van Paassen (1986)]. The net effect of adding these
cracked components |5 thet the cetane number will drop but the density
w(ll rise as shown (n Table 2.1,

TABLE 2.1 Cetane number and density of diesel derived
from different vefining processes

| | Distilled | Thermslly | Catalytically |
Cracked 1

| I | Cracked |
| Cetane number 0 to 60 | 30to50 ) 0 to20 1
| Density kg/ma x szn to 860 | 820 to 880 | 920 to %80 |

Source: Van Paassen (1986}

TABLE 2.2 Brief specification of pos;n:xe future diesel fuels
compared with SABS 34231949 .

t | SABS 342:1969 | RF-70-A-84 | RF-72-A-84 |

| Catane rumber ) 43 ko 46 | 40 to 42 |
) Density kg/m3 8 15 cl 3 speclﬂed | 870 to 88S | 815 to 860 |
( Viscosity st @ 40 'C| LE e 53 11,5 k0 4,5 1 1,5 to 4,8 |
I Flash point cl 5min. | S6 min. | be |
t i 1 | recorded |
Notes:

BE-70-A~B4 = Dlessl fuel, Eurcpean, Japanese, Australian, and Hew Zealand
type, expected fufure quality (sirca 1990 +ovat case)
RE-72-A-84 - Dlesel fuel, South Anerloan, sxpected fabure quallty (eirea

990}

Source: $ABS (1963}, Pearson and Hawkins (1386)
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The quality of fuel which la expected {n 1990 i3 reflected in the
spacifications prepered by the Coordinating European Councll (CEC), as
shown in Table 2.2,

Table 2.2 8 - “hat the fuel RE-70-A=84 vould appear to be similar to
the existing e specification for diesel with the exception of

density. The fusl RF-72-A-84 appears to be similer to the Light dlesel
fuels which could be (ntroduced in South Africa {n an emergency.

Kewever, the mintsum cetane number of the fuel in South Africa weuld ;
most probably be 45 ay specified by SABS and not 40 which was cited In 1
2 specification of an 'emergency light diesel' (FRD (1987)1, ‘

The quantity of diesel fuel may be extended by altering the
specification t3 broaden the hoillng range compared with current fuels
(Titchener (1981)], or by adding other companents which are usually
lighter fractions. These fuels are tarmed 'hroad cut' fuels. Bemeflts
tnclude an increaze in the volume of distillate of between 3 and 5 %
for an Increase of 20 'C In the final bofling point (FEP) [(Lanik and
Ecker (1984)], The effects of altering the bolling range of diesel, -
for exarple increasing the temperatures for 10 and 90 % recovery,
includes an {ncrease in exhavst smoke [Erglin, et al (1981}, Jehnsen
(198633, and a rise in gravimetric specific fuel censumption but the
effects stabllise at 10 \ recovery temperatures of 270 to 200 'C and
90 A recovery temperatures of 360 to 370 'C (Lanik and Ecker (1384)).

Broad cut fuels may be used successfully tn compression ignition (CI)
engines; for example, experiments carried out in Canada with 7 broad
cut fuels indlcated that whilst one diesel engine may operate
satistactorily on a diesel of 31 cetane number, it may be too low for
others. Thus, a cetane number of 35 for diesel which {s expected In
Canada tn 1990 may be too low, (Currie and Whyte (1981)1,

A9 a2 means of alteviating a possible shortage of diesel fuel, an
alternative suggested in the USA [Anon (1963 a)] is to divide the
market into three sectors and te supply suffictent diesel of the
appropriate quality to each, thus reducing the quantlty which needs to
be processed into the highest grade. The proposal called for a cetane
nunter of 45 for ciby buses, 1ight trucks and cars, a catane number of
47 for trucks and tractors, and a third grade with a cetane numbar of
o 32 for ralluays, stabicnary engines and marine use. However, a
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distribution netvork would be nesded, and the cost vould probably
preclude this solution,

2.1.2 Diesel water emulsions

Dlesel-water emulalons have been doveloped as {ire-resistant fuels
(Weatherford et al (197911, but may lead to reduced pecformance which
can be restored by adjusting the fuel injection pueps. Two fuels were
cited, diesel mixed with 10 % by volume water and 6 % surfactant, and
diesel mixed with § \ water, 3 % surfactant and 0,2 % snti-rust agent.
Other experiments have shown {Anon (3987)] that an emilsion of diesel
and water in the ratio of 10:1 with a ‘selected organic compound’ could
e used successfully without any adjustment to khe engine and produce
higher tarque up to mid-speed, but lower torque thereafter.

Benefits of adding water Include reduced specific fuel consumption for
which the quantity of water can be optimised, usually between 10 and
15 % [Crookes et al (1980)), reduced oxides of nitrogen emissions {Anon
(1987)], (nhibition of the formatiocn of soot, promotion of more
conplete combustion thereby lewering carbon menoxide and unburnt
hydrocarbons (Crookes et al (1980)1.

Problems include the possibility that the surfactant would degrade when
the fuel (s recirculated from the engine to the fuel tank to prevent
the water from coming out of solution {Weatharford et sl (1979),
Crookes et al (198013, and pure diesel had to be used just before
shutting down the engine to reduce the problem of corrosion in the fuel
Lines {anon (1987)].

Addlng water to diesel reducas the cetans number by 13 numbers from
approximataly 45 to 32 for an increase in the vater content from 0 to
20 %, but this deficlency can be corrected by sdding an ignition
fmprover such as amyl nitrate at a concentration of 2 % to improve the
cetane number by 10 to 15 nurbers [Tsenev (1963)).

I Y




2.1.3 Bxtended diesel

Diesel may be blended with specific products, for exanple, petrol,
heavy of light naphtha, or propanol-plus to produce an ‘extended’
diesel.

Considerable experience has been gained by the South African Transport
Services (SATS) {n using extended diesel fuals in Class 35-200 series
eatluay locomotives [Tarboton (1980}, Venter (1993), Falk (1986 a)j.
Slends containing batween 15 and 30 % petrol have been tested, but
pover was reduced by 3 % when opersting on the blend containing 25 %
petral. Blends of diesel containing 15 to 40 % heavy naphtha in the
boiling range 125 t& 185 ‘C eventually led to the controls on the GM
englne used becoming unstable when sing the blend containing 40 %
heavy naphtha. Althedgh the tests were carried out with heavy naphtha,
sufficient quantities were not expected to be avallable to make this a
viable solution. Blends of diesel contalning 20 to 30 % light naphtha
in the boiling range 45 to 115 'C showed that governor hunting was a
problem when operating on the blends contatning 25 and 30 % light
naphtha, and thersfore, the 20 % blend would seem to be the most likely
one to test,

Blending diesel with other products results in a larger quantity of
diesel becoming avasiable, Dut £his beneflt may be erodad by changes In
fuel consumption of engines operating on the extended diesel. Tests
carrfed out by Ricardo Consulting Engineers Limited on an
tndirect-tnjection engine suggested that when compared with operation
on diesel, there would be an increase in fuel consunption of
approximataly 0 to 6 \ when operating on diesel-naphtha blands [Needhom
and Cooper (19821,

Qther tests have stown that no mprovement in efficiency could be
obtained from using a diesel ~ petrol blend [Clark and Heim (1979)}.
However, when the diesel was injected and petrol inhaled through the
2ir-intake manifold the total fuel consumption could be reduced by
43 £0 20 % with best results having been corained with a dlesel to
petrol ratio of 85:15.

Adding petrol to diesel reduces the cetane number frem, say, 50 to 32
when tihe blen: containe 50 % petrol (Helmer et ak {1980)). Engines may
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StL11 ba able Lo operate on fusls of such lew cetane nurdar, aithec
o witheut modifleation or by using 'staged Lnjection’ whereby O to 20 %
. PR | of the total fuel volume is Injected early, the exact quantity and
tnjection tining being determined experimentally [Anon (1993 b)),

The methods of extending diesel fuel described above may alleviate the
shortage of dlesel {n countriez which have crude oil or dollars with
which to purchase crude oil. Countries lacking these resources but
which have either plenty of coal or land and sunshine may rely on these
alternative resources to produce syathetic diesel or alcohel [Rden
(19793).

2.2 Synthetfc Dlesel

Of the alternative sources of liquid fuels, the estimated reserves of
distillate from shale are 3 times those of the recoversble reserves of
erude ofl n the Middle East (Duper (1984)] and two thirds of Chese are
located (n the USA (EMA (1979)]. Fuel from shale is low in sulphur, but
the catalyst used in the process may be poisoned due to high nitrogen
and metal contents (Lanik and Ecker (1984)1.

coal can be converted into distillate for which there are wore than 150
patented methods. The Fischer—Tropsch method has been in conmercial
use In South Africa at $asol One since 1955 (EMA {1979), Dry (1962)].
The NCB-LSE process has been in pilot opecation in the United Kingdom,
converting 2,5 £ of coal per day into distillate with the hope of
converting up to 10 Mt per year (Davies and Thurlow (1984), Anon

ses a1,

In the Fischer-Tropsch fluidised bed 'Synthol' process 77 % of the
product is liquid of which 52 % is diesel, whilst in the fixed bed
process 87 & is liquid of which 75 % 15 diesel (Dry (undated)], Diesel
from the high temperature (325 'C) Synthol process has a cetane number
of 55 whilst dfesel with a cetane number of 75 can be produced by the
ow-tzmperakire (220 'C) fixed bed process (Dry (1982)).

.- F Dlasel produced by Sesol generally has lowst viscosity than that
: derived from crude oil, and experiments have shown that, when compered
with operation on diesel derived from crude oil, there iz a lass of
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still be able to operate on fuals of such low cetane fumber, either
without modification or by using 'staged Injection’ whereby 0 to 20 X
of the total fuel volume [s (njected early, the exact quantity and
fnjection timing being determi.cd experimentally (Anon (1983 b)),

The mathods of extending diesel fuel described above may alleviate the
shortage of diesel in countries which have crude oil ar dollars with
wnich ta purchase crude oil. Countries lacking these Temources but
which have either plenty of coal or land and sunshine may rely on these
alternative resources ta produce synthetic diesel or alcohol [Rden
€1979)3,

2.2 Synthetic Diesel

Of the alternative sources of 1iquid fuels, the estinated reserves of
distillate from shale are 3 times those of the recoversble reserves of
crude oll in the Hiddie East [Duyer (1984)] and two thirds of these are
located in the USA [EMA (1979)], Puel from shale iz low fn sulphur, but
the catalyst used in the process may be poisoned due to high nitrogan
and metal contents (Lanik and Ecker (1984)],

Coal can be converted {nto distillate for which there are more than 150
patented metheds. The Flscher—Tropsch method has been in commercial
ure in South Africa at Sasol One since 1958 (EMA (1979, Dy (198231,
The NGB-LSE process has been in pilat cperation in the United Kingdom,
converting 2,5 t of cosl per day into distillate with the hope of
converting up to 10 Mt per year [Davies and Thurlow (19841, Anon

(1986 a)].

In the Fischer-Tropsch fluidised bed 'Synthol’ process 77 % of the
product s llquid of vhich 52 % Lz diesel, Whllst in the fixed bed
process 87 % is liquid of which 7§ % {5 dlesel (Dry (undated)l. Diesel
£rom the high temperature (325 'C) Synthol process hss & cetane number
of 55 whilst diesel with a cetans number of 75 can be produced by the
low-temperature (220 'C) fixed bed process [Dry (1962)).

Diesel produced by 5asol generslly has lower viscosity than that
derivad from crude ail, and experiments have shown that, when compared
with operation on dfesel derived from crude oil, there (s a loss of
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power at reced spesd of batwsen 9,4 and 15,5 % when operating on dizsel
fuels derived from coal which have viscosities In the range 1,8 to
1,4 ¢St {Hansan and Meiring (198211

There 15 also renewed interest in exploiting torbanite for producing
distillate, but the praject is still at the feasibility stage.
Torbanite is a coal formed from algae and is found fn layers sandwiched
between conventional coal in the Eastarn Transvaal,

Liquid fuels are also produced from coal in the USA with the trade
names such as Bxxon Docor Selvent (EDS), H-coal and SRC-IT but these
have to be blended with diesel to result in a fuel of acceptable cetans
nutber, Whilst an engine has been opsrated on a blend of 75 % No 1D (US
autonotive) diesel and 25 % SEC-IT by volume which had 2 cetane number
of 37, the plungers on all injection pumps ware coated with 2 black
deposit, the removal of which revealed pitting of the plungers

[Hoffman (1982)). The deposit appeared to include particles of unburni
fuel and coal dust. Other problems included incompatibility of the
fuel and vesl materials.

2.3 Vegetable Ofls

The use of vegetable oils s not new, far example, a generator driven
by 2 diesel engine fualled by soybean ofl was exhibited at the 1932-33
Chicago World Fair [Baldwin (198311,

An air cooled Indirect infection Deutz diesel englne fuelled with
degumwed sunflower oll ran satisfactorily for the squivalent of & 000
hours of farming dutfes (Fuls (3983)], and # Caterpillar indirect
{nject.on engine ron successfully on a blend of 30 % soybean oll and
diesel [Dwyer (1984), Suda (198411, The heat plugs fitted &o the
plstons of the Caterpillar englnes were modified to protect the
alumin{um pistons from concentrated thermal loads thus ensuring
uniform Wear of the piston rings and liners (Fig 2,1).




FIGURE 2.1 Pre~chanber Caterpillar engine with hesc plug

fitted to plstons

Source: Suda (1984)

More problems occur with direct {njection engines than with indirect
Injection sngines, including injector nozzle coking on the direct
injection engines snd filter clogging on both types of engine (Onion
and Bodo (1982)]. The worst oils are crude soybean ofl and crude peanut
oil (Hunke and Barsic (1981)]. The nozzle-coking problems on direct
injection engines may be overcome by using trans-este :fied suntlover
11 where trans-esterificstion 13 a process carried out with the aid of
a catalyst whereby the glycerol and fatty acids of the sunflower oil
are converted to glycerol and the ester (Fuls (1983)], Piston ring
sticking may be avercome by reducing the clearance between the piston
and the bore to 1/1000th of the piston diameter, reducing the height of
the top land and aining the fuel into tha centre of the plston to avoid
residues of fuel from collecting on the cylinder walls [Ziejewski and
Kaufman (1992}, Elsbett et al (198311.

Other problems include carbon build-up in the inlet ports, and
incompatability between the fuel and fuel system materials, for
exanple, where the fuel acts as & paint stripper (Fuls et al (1984),
24ajewskl and Kaufman (1962)),
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2.4 Coal

The reserves of coal are estimated to be 6,5 times those of crude oil
when compared on the basig of energy [Walker (1984)1, and this energy
could be maximised by using coal without flest converting it into
liquid fuel.

The original patent by Rudolph Dissel in 1892 related to oparating an
engine on solid and 1iquid fuels [Robben (1983)] Coal dust was used
{n Germany between 1928 and 1944 during which time engine were run at
speeds of up to 1 600 r/min and developed up £o 600 hp (450 kN), More
recently engines have been cperated by injecting stabllised coal-water
slurries using 10 te 20 4 sized dust at concentrations of 50 to 60 % by
mass {Robben (19831), using only powdered coal {Kamo et al (1986)1, or
using mieronised coal or carbon black as a component of a thixegel in
which the liquid was diesel [Zatko et al (1982)]. A thixogel is a
mixture of solids in a liquid which acts as a gel until it is pumped
whereupen it acts as a liquid.

Problems do exist, for example, the engine which was operated on
powdered coal us the sole source of emergy had to be warmed up first
using diesel (Kamo et 4l (138611, It was sdiabstic, that is, Lt had no
water cooling system, and the thermal efficiency was similar for
operation on diesel o powdered coal. To reduce wear the inside of the
engine had been sprayed with a ceramic lager to a thickness of 1,0 m
except for the cylinder head where the layer was 1,25 mo thick.
However, weer of the piston rings remsined a problam. The other

engine was operated successfully using a thixogel contalning up to 30 %
2allds in oll. (Zatke et 2l (1362)1.

Irrespective of the system used, the coal has to be powdersd ke 5 to
20 j by ball milling, micro-pulverisation or ultrassnically, after
which the sulphur and ash have to be removed, In the overall costing
of, for exsmple, operating diessl engines an coal-pil mixtures, the
wonetary cost of grinding the eoal may be of prime importance [CSTRO
(1985)1, vnilst an indlcation of the energy cost {nvolved s that
micronising 8,3 & of coal to 40 1 for use In industrial bollers
requires approximately 190 kWh [Swith (1986)],




An indication of the relative overall efficiencies for converting coal
into motive power is given fn Table 2.3:

TABLE 2.3 uerall efficiencies for coal energy cenversion
(raw material to motive power)

| 1y
| Coalesolid fual I
| Coal liquifaction 1 sl
| Heothanol from coal 138 |

{25 1

i Eluctricity from coal

Source: BMA (1979)

2.5 Aleshols

The use of alcohol 8% a fuel for internal combustion engines can be
traced back to at least 1903 when an engine of 17 1 cubic capacity and
developing 200 ch {french hp) powered a vehicle at 177,5 km/h [Agache
(undated)}.

Alcohols may be derived from renewsble resources such as sugar cane,
53q0 and nipa palms, cassava, grain sorghum, or maize, or as a
by-product of the Sasol process, or from natural gas such as has been
found at Hossel Bay [Ricardo (1982), Wilkinson (1983)], Ethanol is used
in Brazil in CI and spark-~ignition (SI} engines to reduce Brazil's
depandence on crude oil to the sxtent that 9% % of il new cars sold
there run on 100 % alcohol {van Niekerk (1987)).

One dizadvantage of using alcohols as a substituts for diesel 1s that
the anergy content an & volumetric besis {s much lower than that of
diesel, and the volume of othanol and methanol need to be 169 % and

228 % respactively those of diesel for the same energy lnpute [EMA
(1992)], Tests confirming these findings showed that the ratio was

160 % in the laboratory and 175 X on the raad for ethanol with tgnitien
improver {Aciol{ (1982)1. Since the volumes of fuel are 0 mich
greater, engine performance ls limited by the volume of fuel vhich can
be Injected using currently-available fuel lnjection equipment,




effactively restricting conversions to natarally aspirated engines
(Weiss & Hardenberg (1986)].

Ten options vere identified for ensbling engines ta operate on methanol
(Kidd and Kreeb (1984)], but the conments are equally valid for other
alcohol fuels. Some of these options are!

. convert the engine to spark-ignition

. pure aloohols (compression-ignition)

. furlgation (vapourised fuel or gas mixed with the [ntake-alr)
. dual injection of diesel and alcohol

. emulsions and dfesel~alcohol wiends

2.5.1 Pure alcohol {SI engines)

Blends of petrol and methanol have been tested in the USA in cars
fitted with ST engines whare fusl economy improved provided the blend
contained less than 12 % methanel [Anon (1984 b)]. Tn Canada cars have
heen operated successfully on methanol although stainless steel fuel
tanks and nickel plated fuel putp components were fitted, and
cold-start problems vere ovarcone by adding 10 % patrol or'5 % dimethyl
ester to the methanol {Anon (undated a}], Improvements (n efficiency
may result from, for example, using ethanol In SI engines whers a
change in efficlency from 28 v for patrol to 38 % for ethanol may be
realised provided that the engine settings are optimised for each fuel
thcioli (1982)1.

Diessl engines may also be cenverted to operate on ethanol with spark
sssistance, thereby operating in a similar manner to ST engines. An
vngine with a $2:1 compression ratio (CR) has besn developed from a
fumigated aloohol-diesel and multi-fuel SI engtne tc ~romote fuels
which would not {gnite in CI engines (Agache (undated)), The fuel (s
injected divectly lnto the cylinders during the Inductien stroke and is
ignited using a spack, Tests carried out by NMERI [Myburgh (1986 )]
showed that compared With the Perking 4,236 @lesel engine on which the
conversion was based, the ethanol-fuelled engine developed 27.6 ¥ more
power at rated speed than its diesel equivalent,
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The conversion from a standard diesel engine entailed machining the
pistons to lower the compression ratie, installing an injection pump
capadle of {njecting the necessary voluse of fuel and fitting a
spark-lgnition system. Not only Ls this expensive, but the engine
cannot. be converted back for operation on diesel without replacing many
of the comparents altared for the original cerversion, Notwithstanding
these comments, this type of engine could be used in sugar plantations
such as in Natal where ethanol could be distilled from sugar cane and
whare the fuel disteipution netvork would be confined to a smad)
geographical area.

fteials ave underway in several countries using alconol-Fuelled buses,
The Golden Gate Bridge Highway and Transportation District in Califernia
is using tvo methanol~fuslled buses of which one fs fitted With an MAN
F-systen engine whish incorperates stratified charge injection and
spark ignition (Anen (undated b)) (Fig 2.2). The trials were scheduled
to continue for at least 160 000 km and showed that the performance of
the buses when compared with diesel-powered buses was the same, the
exhaust emissions were lower, but the dursbility was not as geod [Anon
(1986 b1, Colnoldent with hosting an international conference on the
usa of alochol in transportation in New Zealand in 1982, the Auckland
Regfonal Authority was operating two methanol-fuelled buses, one fitted
with the HAN FM system and the other fitted with & Mercedas-Benz ST
engine {n which the wethanol was vapourised into the fntake manifold
using a heater [Ricardo (198211,

FIGURE 2.2 Schemstic diagram of MAN FM combustion chamber

Sourcet Duggal et al (1984)
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2.5.2 Pure aleohols (CI engines)

Fure alcohol without ignition improver and comprising a blend of SO %
aleohol and 10 4 castor oll has been tried in frazfl {n a diesel engine
Which had & compression ratlo of 2111, but did not self-ignite (EMA
(1982)1. For self-ignition the engine would need a compression ratio of
26,3i1 {f neat methanol were to e used [Schaefer et al (138713,

Aleohols can be useq in CT engines by adding ignition lmprovers which
ace talnly nitrate compounds such as amyl nitrate, hexyl nitrate or

nitrate at of y 15 to 16 % to
qgive & cetane nunber of 40 [EMA {1982)1. In Erezil triethylens glyeol
dinftrate (TEGDN) vas developed using locally-available tri-ethylene
glycol as a raw matarial bacause of the Brazilian qovernment's desire
to restrict mports of raw materials {van Nlekerk (1987)1,

Iqnition-improved ethanol conprising 94,5 % azeotroplc ethansl, 4,5 &
TEGON igniklon Improver, i % castor ol for lubricity, and 0,02 %
morpholine for Inibiting corrosion has been used sucoessfully in
Brazil for several years [Hardenberg and Schaefer (1987)). Changes >
the fuel system included changing the puwmping elswents in earlier
designa to incorporate pressure lubrication of the plungers {Anon
1977)1, and the (njector nozzies hed to be re-Set to open at a higher
fressure and the hole size increased, Since ethanal burna almost
soot~free, there is no lubricstion of the valves and therefore the
valves and seats had to be replaced by more wear resistant ones.

n advantage of an ethanol~fuelled CI engine is that the performance
can be up to 15 % higher than that of the emuivalent diesel-fuelled
englne because the dlesel-fuelled engine would require 30 % excess air
for supressing smoke compared with only 10 % excess aiv for the ethanol
fuelled engtne (Hardenberg and Schaefer (1987)1.

Howaver, Lf athanol (s blended with other fuels such as dlesel, petrol
or vegetable ofls there is nearly always a loss of power outpat (of up
to 35 %), although when blended with bsbacu ofl there is an Increase in
power of 1,6 %, Fuel consumption may rise by up to 58 % In the case of
a mixture of 33 % ethanol, 33 ¥ Gastor oll and 83 % diwel [Actoli
(198211,
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Methanol msy be used In s CI engine using two different technologies,
If methanol without ignition improver is to be Used some form of
ignition ald must ba provided, for example, a spark plug as described
in 2,5.1 above, ar surface-sssisted ignition such as x glow plug as
proposed for developing & 2-stroke CI englne [Xidd and Kreeb (1984)1,

s an altern. “ive to nest methanol, ignition-improved methanol has been
used {n an englne where the medifications were Lintted to

to the fusl fnjection system Including fitting constant pressure valves
{n the injection punp to maintain a pressure of 100 bar (10 HPE) in the
high pressure (HP) fuel plpes. The ignition-inpraved methanol
contained 4,0 % TEGDN, 1 % castor il and 0,02 X macpholine, The
uantity of TEGDN was that which resulted in the ignition=inproved
methanol having the same ignition delay as that for diesel {Helnrich ek
a1 (1986}). Ignition delay was used as the comparator because
correlation {5 Gifficult using cetane nunber when rating alenhol fuels
with ignition inprevers (Schaefer and Hardenberg (1981)).

#n ignition-improved methanol known as 'DIESANOL' which i3 patented and
manufactured in South Africa by Chemical Resources (Pty) Gimited, an
AECT Group Company, has been used successfully in a truck for
approx{mately 60 000 km [Dick (1982)]. Claims include better energy
efticiency, ‘excellent englne lubricaking ofl life and reduced engine
wear. Laboratory tests carried out by NMERI on a DIESAMOL-fuelled
diesel engine {n collaboration with Daimler-Benz AG (DBAG) indicated
that fuel-related problems such as valve seat recession and cavitation
erosien of the #P fusl pipes may be overcome by 'appropriate’
technology (Myburgh (1985), Weiss & Hardenberg (19861), Tests are
continuing at DET to optimise a lubricating oil for use in
DIESANCL-fuelled engines.

Testa to evaluate the use of propanol-plus as a diesel substitute
indicated that up to 12 % by volume Ignition improver wuld be required
to reduce the ignltion delay of propanoleplus to that of dlesel
(Myburgh (1986 b)]. However, the probability of propanol-plus belng
marketed {5 low because of the low volumes preduced,

PO WU P S PR

 crmecd——



2.5.3 Fumigation

Fuels may be fumigated, that s, vapourised and passed inta the
intake-atr of an sngine, In a dual~fuel system where diasel i injacted
ta initlate comustion. A typieal installation is shown in Fig 2.3,

In a dual-fuel engine where the Secondary fuel was ethanol, tests have
shown that the limiting propertion of ethsnol was set by knock caused
by the ethanol igniting earlier than the diesel at 3/4 and full rack,
and the enargy substitution of diasel by ethanol was limited to i5 to
30 % because of roughness or knock {Broukhiyan and Lestz (1981)).

D]

|
AceBRaCT

AR COMPRESSOR

FIGURE 2.3 System for manifold injection of aleshol

Source: EMA (1982}

Tests in which methanol was fumigated into an englne using diesel as
the pilot charge indicated that satisfactory performance on the road
was possible With three different makes of engine, but piston crown
erosion was seen on one engine, possibly caused by detonsbion of the
end gasses, that is, knock (Naeser and Bamnett (1980)),

gimilar results were obc 7ed In tests carrled out by the Puel Research
Institute of Seuth Africd using petrol, ethanol, snd methanol with
dlesel (Heim and Clark (1977}, Clark and Heim (1978), Clark and Heim
(1979)1.
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Thus, knock seems to be a problam encountered with all three fuel
conbinations cited.

2.5.4 Dual injection

Dual injectfon pernits the use of two fuels in an engine, and may be
acconplished by using one injector per fuel or one injector which
injects both fuels. In the 'IDIS' system the primary fuel is diesel
and s injected in the conventional manner [Fujisava and Yokota (1981),
Kishishita et al (1964)] (¥ig 2.4}

The secondary fuel s infroduced directly into the HP fuel line through
4 solenoid valve and a check valve when the pressure in the HP fuel
ltne drops to a parcial vacuum caused by the dellvery valve In the
injection pump retracting, Thus, & second fuel may be used with a
mininun of modificazions, and experiments have established that up to
20 to 40 % aleohol could be Introduced as this secondary fuel.

Byposs Line
e e Vel
Pressure Regqulotor

& Vet oingeive
One~way Chack Volve

© Dueset Fuel
4 piterngive Fuel

FIGURE 2.4 Schems.:ic diagram of IDIS

Source! Fujisawa and Yokota (1901)
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separate pathuays in the njector [Anon (1985)). The volume of the
secondary fuel varied between 60 % of the primary fuel at low brake
mean effective pressures (BMEP) and 25 % at high BMEP. An advantage of
che system {3 claimed to be reduced exhaust smoke. '

i

i

|

In another system both fuels are injected simultaneously through Ewo 1
|

|

1n a dual-fuel engine using two separate njectors, Smoke-free
aperation could be obtained if the quantity of the secondary fuel was
Iimited. The Limit was set at 7$ % energy substitution of diesel by, |
in this case methanol, even though between 82 and 30 % of the energy
inpat from diesel could be substituted [Holmer et a) (1980), Pischingsr
et al (19793},

2.5.5 Bmlsions and diesel-alcohel blends

i
Alternatives which have been investigated by Leteher for extending 1
diesel include emulsions of dlesel with ethanol, methanol and water, . {
Sual fuelling diesel and ethanoi/methanol, and blends of diesel w:h a .
vider diesel fraction, and dfesel with ethanol plus a cosolvent
(Letcher (1982)). Of these, a blend of §0 % diesel, 28 % athanol, 8 %
wthyl acetate and 4 % octyl nitrate, was considered the wost suitahle
for a field trial using a W car (Letcher (1983)]. The octyl nitrate
was used to boost the cefane nusber of the blend and did not add to the
energy output of the fuel. It ensbled the engine to run more swoothly,
» phanomenan «lso seen by Kamel [Kamel (1984)], and although 2 % would
have been sufficient 4 % was used to Improve cold-starting performance.
The vehicla rsn well, tut material compatability was a problem with PUC
items (n the fuel system which had Lo be changed every 10 000 km
because they became hard, A similar problem hag been chserved at MMERT
with bowls of the fuel filters manufactured by Bacor which have
bardened and cracked, and which have now been replaced with
aleohol-resitant bowls,

Blends of ethanol and diesel have been tested by the University of
Natal in tractors, the effacts of which are reductions of pover at

. rated spesd of § % when using a blend containing 15 % ethsnol and 1( %
N ! when ustng a blend centaining 30 % ethanol. Power could be restored by
Co alteriny the fuslling level of the injection pump {Anon (1981)].




Propanol~plus can be adde¢ to diesels derived from crude oil or fran
coal without a blending agent, but the blends are susceptible to water
contamination which leads to separat{on if the contamination is too
grest {hyburgh (1986 b)), The effects of fuelling engines with blends
of diesel and propanol-plus vary with engine and blend composition.
blends containing p to 40 ¥ propanoi-plus the changes in rated pover
of two engines tested differed, zhat of an ADE 236 was almost unaltered
wWhilst there was a slight decrease in the rated paver of & Deutz

FSL 9126, The ADE 236 was subjected to a 300-hour durability test by
NMERT using & blend of 80 % coal-derived diesel and 20 % propanol-plus
which it successfully completed slthough there was higher than normal
wear in the fuel injection pump which would need further investigation
Thyburgh (1986 b1,

n

SATS hes also investigated the uge of propancl-plus as a diesel
extender [Venter (19831] In blends containing 10, 20 and 20 %
propanol-plus, However, the injection parp needed to be reset to 106 X
to restore 2 loss of power of 6,7 % when using a blend of 80 % diesel
and 20 % propanol-plus [Tarboton (198011

1t & stralght blend of diesel and an alcohol such as ethanal is ta be
used, the blend’s stabiliry should be checked, for exanple, a blend of
185 £o 200 proof alcohol and diesel wiil not blend and remain stable
without an enulsifier, and the quantity of emlsifier required is
directly proportional to the proof of the alcohol (Alcomotive
(undated1], [f the quantity of alcohol exceeds approximarely 20 % of
the olend, ofl must be added for lubricity, for example corn or peanut

ofl at concentrations up to § to 7 % ara acceptable, but Linseed ofl iz A
not suitable. :

A solution to the problem of stabillity may be to mix the diesel with
the alcohol just before injection such ss in the locomotive which is
currently being operated by SATS on a mixture of 75 % diesel and 35 A
methanol [Falk (1986 al, Hany medifications were carried out to the
locomtive, (ncluding separate fuel tanks with on-bosrd mixing using
two fuel metering systems to ensure the correct quantities of methanol
and diesel are received by the lnjaction pumps (n the correct
proportion, and a dlesel-only cold stavt facility.




As with dual-fuelling on diesal 3nd alcohols using tuo Injectors
described [n 2,5.4 above, the volume of methanal in the blsnd is
Limited to 40 & by volume by the onset of knock {Pischinger et al
(1979)),

TARLE 2.4 Impact of alternate fuels on diesel engines

Coal synfuel ‘high aromatics, low cetane (35 to 38 CIIX|
<ol e, noisy

startabiity problens

vary 1

Hinge medifizations o englna
011 shale synfuel | high aconst

e caramn. 148 v 43 6D
very low sulphur

Aifficult to {nfect
larger fuel tank
major engine change

Ethanol as for methanol

Solid fuel requries totally new fuel system
high wesr

lacger tank

satety concern in handling

-
»

1
I
i
I
H
t
Il
I
!
Methanol | requires tgnition aid
1
i
|
1
i
1
I
\
I
)

Notes: & CI » Cetane Index

Source: EMA (1979}

Alternatives to traditionslly derived diesel fuels exist of which some
have been described above, and their impact is summarised in Table 2.4.

2.6 Safety

Blends of dlesel, darived from crude ofl or coal, mixed with Lighter
tydrocarben fractions or alcohols, or pure aleshals, may produce
potentially explosive vapeurs. Piashpolnts for different fuels are
shown in Table 2.8
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TABLE 2.5 Flashpotnts for different flanmble liquids

t ' © )
| Diesel containing 20 % prapanol-plus | 24 |
| Dlesel containing 25 % hydro-treated straight vun tops | 34 to -6 |
| Proposal for a wide cut fuel 1 35 {
| Methanol 1 14 ]
| Tthanol \ 13 )
! Diesel | approx, 70 |
| SABS specification 34211369 | sSmin, |

Source: Tarbotan (19801, Myburgh {1986 b), Lanik et al (1984), SARS (1969)

The risk of & tank exploding may be reduced by filling it with a
patented materisl [Devden (undated), but the vapours sround the filler
and vent would still remain hazardous. Seme blends may pose handling
problems becausa the vapours becemed explosive after the lighter
fractions have evaporated, Safety precautions Yaken by SATS include
pressurised tanks on which the vents are fitted with flame traps
marketed by Link-Hampson, and dry-break fuel comnections between the
bulk supply and the locomatives’ tanks for both the fuel and the
vapours so that the vapours can be vented {n a remote and safe
location.

Some of the alternative fuels and the blends of diesel which have been
tested by SATS and MMERI have flashpolnts which put them in the same
handling classification as petrol, This means that road tankers snd
vailuay tank-cars designed for carrying petrel rather than diesel must
be used, and bulk storage above ground is prohibited.

Fire detection msy pose a problem, for example, methanal burns with a
clear Flame which makes |t very difficult to detect with the naked sye,
and hence rai" > the alarm that there s a fire [Mueller (1962)1. Even
when the fire .s detected, fighting it I3 difficull becsuse most
alcohols absorb water, However, (f suffictent wster fogging is applled,
the alcohol comes cut of solution end can then be tackled with foams,

Methsnol, propanol and butanol are toxic, whilst ethanol preparced as a

fuel should have a densturant added, for example, one percent petrol to
wake 1% toxic and to prevent its use to prepare alcohalic beverages
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(Kirlk (1984 al, Hueller (19821]. Methanol is & cumulative toxin
{rrespective of whather the contamination is by contact on the skin, by
inhalation or by swallewing (EMA {1962)). The effect |5 damsge o the
optic nerve which may lead to temporary or permanent blindness (Mueller
(198231,

Care sieuld also be taken when oparating engines on, and storing, these
alternative fuels since some degrade the properties of seals, tubing,
or renove rust from steel containers leading to alogged fuel filrers,
Regearch on material compatsbility has been carried out by the Energy
Research Institute, Cape Town [Leng (1980}, and components which are
Tesistant to these altermabive fuels may be dbtained from the original
equipment manufacturer and should be fitted to the fuel systems [Anon
(1981)7,

2.7 Viability of Alternative Fuels

The following tables Indlcates how mich alstillate cen pe produced from
alternative sources and at what overall conversion efficlency, Hote
should be taken that only a certain proportion may be used as fuel in
engines,

Production from non-renewable and renewable resources is given in
Table 2.6, the reserves are given in Table 2.7 and the efficiencies of
converting raw materials Into liquid fuel are glven {n Table 2.8.

TABLE 2.6 Production of distillate from non-renswable
2nd renewable resources

i
barrel/t |

frem
Dist{llate from shale 1,4
canl barrel/t | 2,0

P

1
I
1
i
{ Production from renewable resources: 1
| bistillate from weod 1|

§ Ethanol from sugar L/hectare | 3500
| Sunflower ofl Lrhectare | 600

Source! EMA (1978), Kirik (1984 b), Emsley (1387), Bruwer et al (1980),
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TABLE 2,7 Reseives and production of distillate ,
} Beserves: | i
| shale billion barcels [ 900 §
| Grude ofl (Middle fast) billion barrels | 300 P
I 1
| Production: 1 i
i Sasol aistillate »illion barrels per year | 52 i
1 testimatel |

{ %ood aleshol (USA) million barrels per year | 2.4 |
1 i (potantial) |
Source! Dwyer (1984), Emsley (1987), DMEA (1983)
THBLE 2.8 Bfficiancy of cbealning alternative fusls

1 ( v

| Ethanol from sucsr cane T

| wood methanol, e

] natural gas I 72t076 |

i bituninous coal | 85 toes |

1 woort } 45 to 57 |

I coal 14 )

{ ( !

{ Perrol and distillate from crude oil P

1 1 {

| SASOL 1 (all preducts} I 56 1

1 8AS0L I [all products) ] 38 ]

» NCB~LSE | &3 I

(1980).

Source; Ricardo (182), Davies and Thurlow (1984), Holmer et al

The viabiliby of introducing alternative fuels may be measured by, for
exanple, specific energy comsurption (SEC) of diesel compared with the
alternatives, or the ssving of ferelgn exchange spent en importing
crude oil, ov the need to become less depandent on outside influences,
Some of the ulternatives indicated shove may not be ecanomically viable
1f considered on the basis of S5G in HI/Kkh.

Vhen comparing extended dlosel fuels with dissel tn terms of enerqy-
effictency, exanples of improvemenc over diesel include a blend of 8S %
diesel and 15 % ethanol which gave 3 to 5 % less power but improved
SEC, and & Slend of 30 % dlesel with 19 % naphtha vhich gave 4 %
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inerease (n SEC [HA1L (undated)]. Even though SEC may be lower when
operating on the alternative fuels than when operating on diesel, the
volumetric fuel consumption will depend on the volunetric heat of
contaistion of the alternative fuel and the engine’s thermal effictency
which may be different When operating on dtfferent fuels.

¥hen cowparing ethanol~fuelled SI and CT engines, the energy input fer
ST engine is 28 % higher than thet of the CI engine fuelled with
ignition-improvid ethanol. If the increase in the cost of preparing
the Ignition-inproved fuel s less than this 25 %, preferencs should be
given te using CI engfnes (Hill (undated)],

If erhanol i3 to be used, the quantity of land required for growing
sugar cane for conversion {nto ethancl nust be known, Yor example, in
Srazil where production of distillate is axpected to reach 1§ billlen
Litras (n 1988, only 2 % of all areble land would be needed for the
total substitution of crude ofl {mports (Kirik (1984 b}, Rosillo-Calle
an Wall (1988)]. A similar figure cannot ba cbtained for Seuth Afvica
because the publication of stacistics concerning the eensumption of
Liqud tuale is prohibited,

Substituting one refinery procass by another to yield more diesel may
not substantislly alter the effictency of cenverting erude ofl Into
tuels, but {t would give an spportunity of satisfying a market demend,

¥hatever course of action is decided upon and for whatever reason, n
the short term fuels must be developed to suit the engines currently
avaflable. If any engine wodifications are required the cost of these
muat be kept £o a minimum and conversion back to standard must be
possfble at little or no extra cost. Investigations have already been
carried out info different conbustion systems to determine what the
best: lses are between the of fuale and englnes to
achieve the most energy efficient solution to the problem of fuel
shortage, The conclusions are conflicting, indirect injection engines
are favoured because they achieve lover exhaust emissions (Needham et
al [1903)], and direct injection engines are favoured because of betisr
tuel econowy {Suda (1964,




2.8 Evolution of the Test Programpe

The failure of the first ADE 236 was attriluted to the longer ignitfon
delay end higher volatility of the worst case llght diasel which
resulted in more Intense combustion and consequently higher thermal
loads on the plston [Hyburgh (1983)].

Therefore this investigation was undertaken to deternine ways of
reducing the stress so that the engine could operate sat{sfactorily cn
1ight diesel fuels, An indication Of the thermal and physical stresses
o engine components such as the pistons, piston rings, and besrings,
can be obsalned trom the peak rate of pressure riss within the cylinder
and the peak combustion pressure which may be caleulated from data
collected during conbustion. Tests fo cbbaln bhese data are termed
*ronbustion analyses' and were used to assist in assessing the results
of the durabillty tests.

Conbustian analyses were carried out to compare the pesk rate of
pressure rise and peak combustion pressure when using light diesel
fuels with those of dlesel, A test was also carried out to investigate
the effect of changes in injection timing on peak rate of pressure rise
nd peak combustion pressure. This test led to the determination of an
tnjection timing sotting Whers noither the peak rate of pressure rise
nor the pesk cambustion pressure exceeded the levels found when
operating on dlesel. A durability test was them carried out with the
injection timing set at this new secting, and the engine survived
{Hyburgh and Falk (1985)],

1 tha following test, the warst case light diesel was used sgain, buc
an ignitien tmpraver was added to restors the catane number to 48 which
13 regarded as the norm within the industry. The standard (njection
timing was retained, and the engine survived the durabiliky test (Falk
(1986 b)], In practice the quanticy of Ignition improver which would
hava to be added to the worst casa light diesel depends on Lts catane
nuricer, and therefore a nomogram would have to be established to
correlate the physical properties of light dlesel with cetane number,
This did net form part of the invastigation,

s an alternative to sdding lgnition improver to the werst case light
diesel, a bland of diesel containing less lighter hydrocarbons and
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which comprised 75 % dlesel and 25 % heavy naphtha was used, The
engine survived the durabil{ty test [Falk (1967)].

Kaving that ¥ durability per could be
achieved on Lha ADE 236, the performrace of two other engines was
investigated, These engines were the ADE 314 built by ADE under 1icence
from DBAG, and the beusz FEL 413F built by Deutz Diesel Power (Fy)

Linited (DDF) under ilcence from Kloeckner Hurbolds Deutz AG, West Germany .
(KHD) .

The ADE 314 oparated satisfactorily on the worst case light diesel with
the injection timing set to standard, and therefore no further tests
vere undertaken (Falk (1988 a)).

The Deutz 6L 413F with the injection timing set to the standard
satting failed after only 57 hours of durablity testing due to piston
crown and cylindec heud erosion and further tests will be required to
datermine what steps are necessary to ensure the engine's survival.

fThe progranme Ge.cribed above evolved through the need to obtain a
solution which could be implemented at shert notice te permit the
continued use of engines in an ewergency using fuel derived from crude
oil. The only consideration was the wechanical survival of engines, and
other econsiderations such as optimising the engines' settings for the
fuels used and the effect on exhaust emissions did mot form part of the
investigstion. However, in the longer tacm other possibilities exist
for coplng With a shortage of diesel fuel and some of these have been
degeribed above,
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CurpTER 3

FUELS USED

A general description {s givan heve of the fuels which were used for
the tests. Pertinent details of individual fusls are given In the
Chapter 7 of this dissertation which deals with individual tests.
Distillation curves of the fuels are shown in Fig 3.1, and a brief list
of physical properties of the fusls {s given in Table 3.1, whilst more
detafls ave glven in Mpperdix B.

3.1 Diesel

The diesel which wes used for all the tests was refined from crude ofl
and generally met the requirements of SABS spacification for automobive
diesel fuel SABS 342-1369 [SABS (1969)). It was supplied by B®, and
served as base stock for blending with the lighter hydrocarbons and
also as a refavence fusl for the combustion analyses and perfarmance
tevts,

3.2 Light hydrocarbons and blends with diesel *
3.2.1 Hydro-treated straight run tops (Top

Hydro-treated straight zun tope (Tops) i3 2 refinery product which ls
normally procassed into solvents or petrol and was supplisd by BB, The
hydro-treatnent {s carried out mainly to remove sulphur and not, as in
the USA, to saturabe arematics with hydrogen. The very Light compenents
in the Tops were included to satisfy fuel storage safety considarations
by inereasing the Heid Vapour Pressure (SVE) ©o a level which 1s above
the upper flammability limit (SABS (1976)} when the Tops la blended
with dlesel,
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3.2.2 Tops light diesel (TLD)

Tops Light diesel (TLD) Was a blend which comprised 75 % diesel and

25 % Tapr by velume. The storage and transport requirements of TLD are
sipilar ko those for petrol because of the high BV and low flash poink
when compared with diesel.

2.2.3 Ignition inproved light dlesel (ITLD)

Ignition improved light diesel (IILD) was TLD to which Hizet 1 ignitien
imprever had been added to ensure that the cetane number of the blend
48,0, which s regarded as an industry norm In Seuth Africa fer
el fuel. The Hicet 3, an {so—octyl nitrate, vas manufactured
locally by Chemical Resources (Pty) Limited, but has since bwen
supercaeded by Hicet 3a which {s essentially 2-ethylhexyl nitrate ané
which {3 claimed to have simllar properties.

3.2.4 Heavy Naphtha

Tha heavy napitha was derived from crude oil by Natlonal Petroleun
Refiners (Pty) Limited (Natrer) and suppl 1 by Sasel Fuels Harketing
(Pty) Limited.

3.2.5 Naphtha light diesel (NLD)

Naphtha light diesal (NLD) wis a slend of 75 % diesel and 25 % heavy
naphtha by volume. The quantity of heavy naphtha which could be blended
with dlesel was limited by refinery production.




TABLE 3.1 Bele€ it af physical properties of éiesel, tops ilght
diesel apd naphtha light dlesel
4 | SaES 1 Typleal | Typical | Typleal |
i ! 34211969 { crude oil | tops | napbtha |
] ] derived | light | light i
i i | diesel | diesal | diesel
| Cetane mumber | 45 min, | 48 ] 42,1 1 40,0 i
] ] ] ] [ ] to i
i 1 1 | 48,0% | 45,4 )
{ Density 820 'C kg3 | mot [ 849,0 | 85,0 | 82,5 )
I Japacified | ) 1o
1 1 ! ] 81,2 | 823,00
i Yisoosiuy % 40 T oSt 1,6 ) 3,2 i 1,8 | 1,9 1
! i e 1 ] o i o ]
| I 5,3 ] 2,5 ) 2,4 I
Hogant * With ignition fmprover 48,0
aurcer BAEY 11969), Falk and Hyburgh (1987), Falk (1987)
/4
o
Z
o208 Z 1
S
g 7
£
& ] —o e pIESEL
g
3 | 0P L10HT DrESEL]
¥ an),”
e mme = NAFHTHA LIGHT
DIFSEL
a 25 56 75 128
PERCENT EV3PORATER
FIGURE 3.1 Distillation curves for diesal, tops Light diesel
and naphtha light dlesel
Source: Falk (1586 b), Falk (1987)
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ENGINES

For brevity, the englnes will ba refered to by their model numbers,

fhe enqines used for the tests wera an ADE 236, an ADE 34, a Daimler~ |
Benz (DB) OM 332, and a Deutz F6L 413F menufactured by DDP, Brief
specitication data for the engines are given in Table 4.1, md full
specification data are given in Apsendix B. Figures 4.1 £o 4.3 show |
the engtnes mounted an dynamometers. H

TABLE 4.1 Brief technical specifications of the engines tested

] ] ADE | Daimler- | Deutz |
I e | Benz. |
' | ADE236 1 ADE 34 ) ON 352 | F6L 4L0F |
i Swept vo! 143,86 13,78 15,65 19,572 |
| N of :yundera (Y [ t e [ \
1 Arrlngemenc | ln une I In line | fo line | Vee |
i & [ | wnter | water | air i
i xnjecnan pump make/ | uuc-sav (Pasch | Bosch |
| type | distributive t ‘.n nne | in line | in line |

Notet all the engines are direct injection

Seurce: Falk (1987), Falk (1988 a), Falk (1908 b)

4.1 ADE 23§

The tests using th: ADE 236 were started In 1962 using the ‘pre-updata’
version of the engine because of the large populatlon of this model
type, even though the nawer design was already in production.
Subsequently, all the tests vere carried cut on the pre-update engines
to ensle results from successive tests to be compared move easily. The
differences in design were wainly in the cylinder head, in which the
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©1d design {ncorporated a cylinder head with ‘non-venturi' ports whilst
the new design incorporated 'venturi’ ports to assist swirl,
accomplished by machining the ports after casting. The fuel lnjection
systans were also differsnt: fn the older design the fuel supply to the
injector was on the side whilst in the later design the fuel supply was
from the top.

For the performance and durability tests, the injection was set
dynamically at full load and rated speed using reference diesel because
one of the characteristics of the Lucas-CAV distributive injectlon pump
is that the injectfen timing vartes according to load, speed and fuel
properties.

The cylinder heads were modified by ADE to a. 'ept 2 pressure transcucer
for measuring the pressure in cylinder no. 4.

FIGURE 4.1 ADE 235 diesel engtne mountad on a Schenck dynamometer

In the uriginal dursbility test [Myburgh (1983)), two engines were run
at the same time on two dynamometers, one fuelled with diesel to serve

as referance and the other fuelled with TLD, In subsequent tests only
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ane englne was used for each test except when testing NLD whers four
engines were used because the first two failed before reaching 70 hours
of durability testing using NLD, and the third failed whilst undergolng
pre—delivery performance tests st ADE using diesel, The pistons which
failed were Inspected by the NMERI's Tribology Division, and the
conclusion drawn was that the failures resulted from piston scuffing
over approximately 1 e of clreunference of the bore, and were not
related to operation on NLD. The fourth engine completed the
performance and durability tests.

During one of the durability tests the standard aluminium oil filter
towl housing developed hairline cracks lesding to & loss of ofl,
probably caused by the extra mass of the oil cooler which was located
betwaen the housing and the filter. No further problems were
experienced when the aluminium housings were replaced by cast {ron
houstngs,

4.2 ADE 314 and OM 352

The ADE 314 is the four cylinder version of the more popular six
cylinder ADE 352. The ADE 314 used for these tests had bean used
previously for work not connected with this project, and therefore the
cylinder head was removed and the valves lapped-in before starting
these tests.

A pressure transducer could not be fitted to the ADE 314 to menitar

pressure within any of the combustion chambers, and NMERT'S Gwa DB "
OK 352 was used for the combustion analyses. This engine is thy same as

the ADE 352 and the cylinder head was specially cast by DBAG ta accept

an adaptar to accomodate a pressure transducer to monitor pressars

within ¥o € cylinder.




4.3 Dautz FEL 433F

The Deutz F6L A13F 5 a Ves-six englne n the L 413F range which

includes an In-line 6 cylinder and Vee engines with 6 to 12 cylinders.

The rated speed of the Deutz F6L A413F Ls 2500 r/min compared with

2600 r/min for the ADE 236 and ADE 314 engines. Since the Deutz

F6L 413F i3 air-cooled, a test cell was used which inenrporated forced
tilation and awblent temy conkral vatng cooling,

The engine had heen used previously by a transport fleer operator and
had been reconditioned, but not used since. fTo ensure that critical
seaponents Ln the fuel system were new at the start of the test the
Pprecaution was taken of fitting new injector nozzles, HP fuel pipes,
injection punp elements and tnjection pump delivery valves. The
infector nazzles were fitted in their holders by NMERI and adjusted
using the Tnatitute’s Hartridge injnctor tester, whilst the pump was
callorated by the engine rebuflder, but was subsequently adfusted as
degeribed in 4.4.3 below,




This engine features individual cylinder heads, and a reconditioned
cylinder head was modified to sccept a pressure transducer. The drawing
for the mod!ficakion was supplied by DDP and amended to suit an adaptor
which was already being used on the DB OM 382, The modified cylinder
hesd wag itted to no 1 cylinder for the combustion analyses. The
original head was refitted for the performance tests, but a mew head
vas fitted to the englne for the durabillity test because signs of
erosion were evident on both the original and modified heads, the
arigin of which had not been positively fdentified at the beginning of
the durability test.

FIGURE 4,3

Deutz F5L 413F diesel engine nounted on a
Sehanck dynamometer




4.4 Genmral Comwents
4.4.1 Fuel temperature

Tn all instances the fuel returnad from the injectlon purp to the
filter was passed througl. a heat exchanger so that stable temperatures
in the fuel injection punps could be waintained. Te aid cosling the
fuel, the fuel filters on the ADE 314 and Deutz F&L 413F were mounted
renote from the engines to reduce the effsct of radiated heat.

4.4.2 Injection pump governors

When teses are to be undertaken which invelve operation at part
theottle and steady speed, such as in thls inves-.gation, the injection
pumps ficted Lo the engines must be fibted with varisble-speed
governars 50 that v speed selected Will be maintalned irrespective of

load. ALl th “ted conplied with this recuirement except the
beutz FaL 1t 2" governor had to be changed for an 'RQV’
governor.

4.4.3 Derating for 2ltitude

ALL the engines were derated for operation on the Highveld of which the
altitude ranges from approximately 1220 ta 1730 m. Once the {njection
Pumps were set using refarence diesel, their settings vere not altered
for operation on light diesel fuels except as indicated en the Deutz
FaL 413F. Pover output ot rated speed of the Deutz FSL 413F was lower
than that vecowmended by DDP [DDP (1988)], and the injecrion punp was
reset whilst maintaining exhaust gas temperatures at rated speed within
the Limits sat oy PP, When the full load performance test througheut
the speed range was carried out, this Limit was exceeded at an
internediate speed, and the injection pump was reset to the origtnal
setting,




4.4.4 Lubricating ofl

P Vanellus €3 SAE 20 lubricating oll was used throughout the
{nvestigstien. Each englne except the ADE 314 wag fitted with an
intagral oil cooler, with the result that the oil temperatures recorded
during the ATE 314 test were stmilar to thase recordsd during previous
performance testy (Falk (1986 ¢}), but higher than those subsequently
reconmended by ADE for Continuous operation (ADE (198711,
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CHAPTER §

INSTRUMENTATION

5.1  Dynamometer Installations

Schenck ¥ 130 and % 150 eddy current and D 360 and D 400 hydraulic
dynemometers were used for testing the engines. Electronic throttle
position controllers were fitted to the engines for the ccmbustion
analyses and performanca tests but during durebility testing the
engines were fitted with pneunatic throttla position controllers which
enabled either full throttle or idle to be selected, In the event of an
emergency-stop or a failure of the alectric pover supply or air
pressure the throttle lever would return to 'idle’ and the stop laver
on the ADE 236 to the ‘stop' position, both by spring tensien, The
ADE 314 and Deubz F6L 413F engines were fibked with Sosch fuel
injection pumps which did not incorporate separate stop controls, The
throttle vas controlled as before, and a 24 V solenold valve was fltted
to the fuel supply line ahead of the injection putp to act as a
fail-safe emergency stop. By the time the Deukz F6L C13F vas tested a
system vas devised vhereby the idle speed was set by a second pneumatic
plston which blocked the throttle from returning to the 'stop' position
other than on shutwdown or In an emergency.

Fuel flew was measured using AVL type 730 gravimetrie fuel flow meters
manufactured by AVL List GubH, Austria (AVE).

Exhaust amoke opacity was measured using a Hartridge swoke meter when
teating the ADE 236 engines, and a Bosch smoke meter when testing the
ADE 314 and Deutz ¥6U 413F engines.

A general description of the facilities and Instrumentation and their
oparation 1s glven In CSIR Report ME 1751 [Myburgh (1982)).
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5.2 Fressure Measurement

Pressure (n the rearmost cylinder of each engine was measured using a
Kistler 6121 plezo slectric pressure transducer mounted in the cylinder
head of each engine. The 'dead volume' betwaen the conbustion chamber
and the face of the transducer was mininised to reduce resonance. The
signal obtatned from the transducer wss amplified using a Kistler 5001 !
charge amplifier fitted with a 10 kiz filter and with the gain set to
10,

5.3 Injector Needle-Lift Sensor

Injectors modified by NHERT were fitted to the cylinder in which the
pressure measurements were made. Each {ncorporated a linesr variable

i fferential transformer inside the injector nozzle so that injector

needle displacement could be monitored to determine the start of

injection,

Yhe start of injection was determined using methods of calaulation
termed 'Perkine-01d’ and 'Mercedes’ [Hyburgh (1966 c)]. In the

Perkins-0ld method the start of Injection is the point at which the

tangent to the rising curve of needle-1ift fntersects the bassline nd

the method Was used when Lesting the ADE 236 engines. In the Merceues

wethod the start of lnjection fd the polnt where 13 % of total

needle=11fk has been reached and the method was used when testing the

DB O 352 and Deutz F6L 413F engines. The methods are shown graphically .
in Fig 8.1




Tangent to needle
TIFE rise curs

Start of
njectan.

Boseline

Hagimum naedle
Tt

~Bassling

Start of x% of maximum
injection nesdle 1(ft
PIGURE 5.1 Hethods of detarmining start of injection, showlng

Perkins~Old method (upper) and Mercedes method (lower)

Source: Hyburgh (1986 c)

5.4 Crank Angle Measurement

Two methods vere used'to display crank angle accurately, sn optical
encoder develeped by MYERT and one manufactured by AVL.

S.4.1 WMERT optieal crsuk angle encoder

A crank angle encader using Infra—red Light parsing through holes and
serrations in a ring deslgned by NHERI was fitted ta the engine
flywheel adjacent to the cylinder in Which the measurements ware being
made, thus minimising the effects of torsional oscillatiens of the
erankshatt.
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The sweep on the oscilloscope was triggered from a signal at 35 degrees
before top dead centre (‘BTICH, whilst signals were obtained to glve
spikes on the oscilloscope screen every 10 crankshaft degrees ('CA),
plus 5 'BIDC, top dead centre (TBC) and 5 degrees after top dead centra
("ATDG}. The serrated edge of the encoder ring produced a signal with
a rectangular wave which gave half-degree resolution, \

5.4.2 AVL optical crank angle encoder

A AVL medel 260C/600 optical erank angle encoder wes £ltted to the
crankshaft palley, and gave the same display of crank .ngle on the
oscilloscope as did the MMERT encoder. Since the encoder was fibted at
the end of the crankshaft resote from the cylinder in which the
conbustion data vere taken, checks were carried out to determine if
there was an error due to torsional vibration, The error was measured {
by comparing the display on the oagilloscope of TIC on the flywheel
with TOC on the encoder, On the Deutz FGL 413F, which vas the first
engine exclusively using the AVL encoder, the arror was 0,2 'CA ab
2500 r/min Lrrespective of load.

5.4.3 Determtnation of top dead contre

Top dead centre was by turning the by

hand efther side of TOC on the £iring Gycle until the rearmost plston

touched a valve which was blocked open using 4 thin spacer. The *
flyvhees was 1ightly marked with a centre punch through the hole in the .
fmounting bracket for the TG sensor, and the mid-point between the twe |
narks made on the flywheel vas taken as TOC and marked heavily with a
centre-punch,

Tvo methods ware used to display TOC on the oscilloscope and to align
the TOC marker on the cranke wgle display to it, In the erly tests, a
magnetic sensor detected the indentation in the flyvheel to give a
e ainusoldal reference signal for T0C on the oscilloscope, where z:ro

, } output at the transition from positive to negative output indicated

: TIC. The pasition of the crank-angle display wes then adjusted by
moving the tnfra-red transoltter/recelver {n 1ts mounting until its T0C

. 4

i o vl N R P




marker vas colncident with the zero output from the magnetic TOC sensor
whilst the engine was running at test-speed.

In later tasts, the magnetfc sensor and amplifier were replaced by a
cheaper optical unit bullt by NMERI and which used infra—red light. :
Instezd of using the centre-punch mark on the flywheel, TC was
indicated using a pin set In the flywheel which passed through the
light beam thus producing a square wave output. With the engine
stationary at TOC the sensor was moved n {ts pounting past the pin to
produce the square wave 'manually' after which the sensor was clamped.
The body of the AVL crankangle encoder could be retated about its axis,
and wes clamped when the fall of the square wave cutput from the AVL
encoder at TOC was coincident with the rise of the square wave output
from the TIC marker on the flywheel.

5.5 Fast Data Capture Systew for Canbustion Analyses

The signals from the transducers were fed ta a Nicolet 4094

four-channel digital storage oscilloscope which could acquire up to .
3969 data points per channel at a sampling rate ecuivalent to a minimum

of 0,5 ps per point, Cycle to cycle variation in data gathersd was

mininised by real time averaging over a mumber of cyclss. When the

data had been stored by the oscilloscope it could be transfared to

either of two 130 mn floppy discs.

The oseilloscope vas controlled by 4 Hewlett Packard HP 9936 computer N
which was programmed to perform the necessary caleulations after
vatrieving data stored on dise, The program used for eapturing and
processing the data was developed by Hodgaon as a BIng(Meg) final year
project at Pretoris University under the guidance of Hyburgh and it has
been revised periodically by Myburgh during the peried over which the
tests were carried out, By the time the last combustion analysis test
was carried out, the -rogram had been developed to the stage whers the
time per point of data gathered vas automatically see by the conputer
. to give & minimum sereen-width covering from 30 "BYOC to at least

. } 30 ‘ATRC. Calculations performed on the data gathered Included break

. “ mean effective pressure (BMEP), accurate engine speed measurement over
the period during which the data were gathered, pesk rate of pressure
N rise and the crank-angle at which {t occured, peak combustion pressure




g and the crank-angle at which (b ocoured, start of injection, end of
- Infection, paint of combustion snd ignition delay.
-

Ignition delay may be calculated using seversl methods, for example, in
2 similsted corbustion chaber two methods vere used, pressure delay
and luninous delay (Siebers (1995)]. Pressure deiay was defined as the
time taken from injector opening until the pressure in the chamber
reached 0,25 atm (25 kPa) above the pressure that weuld have existed if
na fuel had been injected. Luminous delay was defined as the time taken
from {njector opening until the first luminosity is sensed by a
photodiode located ourside a window fitted ac one end of the cylinder.

T T T

MAXIMUM RATE OF CYLINDER
[ PRESSURE RISE: 1
RATE OF CYLINDER |
PRESSURE CHANGE
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8| PRESSURE: CYLINDER PRESSURE |

©
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PRESSURE CHANGE (MPa/" CH)

START OF
COMBUSTION

IGNITTON DELRY

INTECTOR-NOZZLE
NEEDLE LIFT

START OF
INJECTION
-38 ~28 -8 ToC 1a 2e e,
CRANK ANGLE (*) *

CYLINDER PRESSURE (MPa)

FIGURE 5.2 Bxplanatory example of combustion parameters
calaulated by computer

Sourcet Hyburgh (1986 <)

The definition of Ignition delay used in this Investigation using the
program developed by Myburgh was tzken as the time from ! 4ector
opening calculated as indicated in 5.3 abave, to the po.:

ignition. On the ADE 236 and DB OM 352 the foint of lgn. * . was
calculated as the point of the first strong positive Increase in the




rate of pressure rise, and Is shown In Fig 5.2, However, on the Deutz
FBL 4138 the transition between conpression and ignition was so sm00."
that the program uas amended by Myburgh o redefine bhe point of
ignition as follows. A theoretical pressure-time curve was caleulsted
based on the pressure and volume at Lwo polnts fn the compression
cycle, and the point of ignition was taken where the actual curve
exceeded the theoretical curva by mare than 5 %.

5.6 Conputer Facilities

The results of the conbusticn analysis tests were printed on a Hewlett
Packard HP 92905 printer and plotted on an HP 7470A plottar, both of
which were coupted to the HP 9836 computer,

An WP 216 conputer coupled to an HP 9133 20 Wegabyte Wilnchester / 89 mm
disc drive was used for program developuent, and for caleulating the
results of performance tests, which were printed on an HP 2934A printer
and plotted on an HP 7475A plotter.

By the time the Deutz FEL 413F was tested, a computer program had been
written to control the dynamometer and record data during the
durability test using a second HP 216 computer coupled to an HP 2034A
dsta scquistion unit.
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CHAPTER 6

EXPERSMENTAL FROCEDURE AND DATA PROCESSING

The engines were installed and operated according Lo tha operating
cendtions which were specified by ADE and DOP, as shown in Table 6.1.

TABLE 6.1 Limits on engine operating conditions

( | ADE { Deutz 1

i e
1 | ADE 236 | ADE 314 | F6L 413F #|

| Intake depression RO | 200 | 200 | 750 max. |
t back pressure wmH20 | 1088 | 800 | 750 wax. |

| Coolank outlet temperaturs -'C | 93 ¢1 | B85¢56 J 30 max. |
| Fuel temperature* o S4 |30 £0 35 | no Limit |
1 OLL temperature *x 1 As found | 125 max, ) 130 |
€1 70 (700 1 700 |

| Exhaust gas temperature

Notes:
# FSL 413F intake depression left as found - 65 m K20
t back pressure set to 600 mm H
fuel temperature controlled to 30 'C
injaction pump reset to give 700 'C exhaust qu teparature
eoolant cutlet = aly cutlet on sides of engi
* Temeraturs of fuel in cavbox on ADE 296, injaction i pump fuel entry
on ADE 314 and Deurz FSL 8137
*% On ADE 236 oil temperature to ba controlled to 104 ¢ 2 °C, but
*as found' if integral oil cooler fitted as in this case
On ADE 314 this temperature vas exceeded - see section 7.5.3

Source: Myburgh (1983), Falk (1388 a), DOP (1988)

6.1 Combustion Agalysis

As described in Chapter 2 above, an indication of the stresses on
engine components may be cbtained from the peak rate of pressure rise
and the peak combustion pressure, which in turn may be calculated from
dnta collected during conbustion including the pressure within the

s




eylinder, the injectien pressure and the Lift of the injector needles,

Alterattons fn lnjection timing were belisved o affect peak rate of
pressure rise and peak conbustion pressure [Parkina (1984)], and
therefora the ADE 235 was tosted with the injection timing set to

14 'BTIC, 19 "BIDC, 2¢ BYRC (standard) and 27 'BIOC.

The DB OM 352 vas tested with the Injection timing set to the standare
setting of 16 'BYC static, and the Deutz FEL 413F with the injection
timing sat to the standard setting of 22 "BTIC static.

The engines were run at their respactive rated spesds using various
loads between full and no loads.

The data vsed for caleulating peak pressure and
peak rate of pressure rise vere the averages taken from data collected
Guring 40 consecutive combustion cycles. The number of cycles had been
established by Myburgh as the minimu number to minimise the effects of
cyelic dispersion, although on ST~engine research 250 cycles captured
at random over a 15 minute period [Lyon (1987)] and 300 congecutive
firing cycles [Dye (1985)] have bean cited.

A transeription of a typlcal analysis is shown In Tsble 6.2.

TABLE 6.2 Typtcal example of caloulated combustion data
| Engine t Daimler Benz OM 352 |
1 pate 1 20/67/88 1
{ Fuel type | tops light atesel |
| Tast nurber { cA 002 1
{ B XPa | 660,06 1
| Peak rate of pressure cise MPa/'CA | 1,639 }
| Gccuring t CA [ 0,9 {
| Peak pressure HEa | 7,164 |
{ Occuring at A | 5,8 1
| Combustion at "CA 1 3,178 ¥ i
} Injection beginning at ‘CA | 15,88 1
1 Ignition delay ‘cA | 42,88 1
| Tnjection ending At 0,8t !

Notal % w o * BIDS

Source: Falk (1900 a)
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6.2 Perfo mance Tests

Tests vere carried out at full and part 10ads so that comparisons could
be made of, for example, power, injection pump fuel delivery, exhaust
smoke, volumetric specific fuel consumption, brake thermal efficiency,
and exhaust gas temperature for operation on diesel and the light
diesel fuels,

Fuel temperature was controlled using a heat exchanger in the fuel
veturn-lfne from the lnjection pump to “he fiiter, engine coolant
temperatuce vay thermostatically controlled in the case of the
watercooled engines, and ofl and exhaust gas temperatures were also
menitored to ensure that the manufacturers' recomended values were not
exceeded. This is inportant because the tests were carried out at an
altitude of 3365 m above sea level and exhaust gas temperatures may be
up to 100 ‘C highar than those recorded at sea level (Falk (1986 ¢)),
and consequently may be sbove the safe operating Limits set by the
manufacturer.

For the full load tests, data were gathered starting at rated speed and
reducing the speed fn 200 r/min steps to i 000 r/min., However, In the
case of the Dettz FEL 413F the first step was from 2 00 r/min (rated
speed) to 2 400 r/iin, and because the engine was air-cooled tha lowest
spesd was 1200 r/min, At part load, engine speed was held constant at
the same speeds that were used for the full load tests, starting with
the highest speed, and gathering data from the highest torque at a
given speed to the lowest torque in steps of 20 Mm in the case of the
ADE 236 and ADE 214, and in steps of 50 dm ln the case of the Deutz
FeL a13F,

The reason for starting with the highest speed and highest toreue was
that temperatures stabilise quicker when the engine spaed and torque
are veduced, thereby redicing the time taken for carrying out the tests
and minimising the quantity of fuel used. Kowaver, the time taken for
the temperatures to stabilise after sach change in load and/or speed on
the air-cooled Deutz ¥6L 413F was approximately 10 min compared with
approximately § min for the water-cooled engines.

Bowar and specific fuel consumption were corrected for vartations in
anoient conditions at altitude using the correction factor derived frem




the formula (SABS (1982)):

187,010 65 1£4273170,5
ko= — |
[ t 298 |

where kd = correction fact
Srotent pressere. In kP
L - 1m'.ake air temperacure in'c
Where a comparison of theoratical powsr is desired the percentage
change may be calculated as the change in energy input, which may be
expressed ast

|9¢ (comparison fuel} x Hvlecmparison fuel)

|
1| x 100
| Vfibase fusl) .’ dvibase fuel) 1
where Dp = theoretical change 1. power output,
assyming the same combustion efﬁclency,
Vv volume of fuel consumed in unit bime
By » heat of conbustion calculated on &
volumetric basis, kJ/1

6.2 Data processing

Two compliter programs vere prepared in HP BASIC for processing the data
recorded manually during performance tests, The first program was
developed by Myburgh to key-in data manually from the test record
sheets, parfarn the neceseary caloulations snd produce a printed cutpet
for one test at a time. It has been rewritten during this light diesel
to be ' 5o that technicians with virtuelly

6o computer expertence could key~in data and obtain printed results from
tests, and pernits data to be stored on diskette, recalled from
lskette, edived if required and re-stored. Only data recorded during
the tests and not processed data are stored to reduce the mamory spice
required. The program has been updated perfodically to cater for
difierant engine types which denand diffarant tebilar presentstions,

and to ausomstically select the appropriate correction factor for tests
carrled out at sea-level or altitude based on the atmospheric pressure
keyed~{n. Key questions and their lmplications are shown In Appendix C,




Other prograns which rtrieve and manipulate data stored on the discs
include one for plotting the results of the performance tests, and a
progeam for tabulakirg che 'average' differences between tasts. A
general plotting program developed by Hurlin of NMERL was used for
presenting the data from the corbustion analysis tests.

6.3 Dursbility Tests
6.3.1 Duvability cycle

Seversl cycles arve available for carrying out dursbility tests, for
exanple, a cycle suggested by the Englne Manufacturers Association
(EMA} {n the USA for a 200-hour evaluation of alternative fuels [Anon
(1962)], & 500-hour test. for testing blends of sunflover oil and diesel
(2lejewski and Kaufman (1982)), a cycle recommended by DBAG [DBAG
(1986)), and the durabllity cycle which was recommended by ADE (Rogers
{1881)], The cycle recommended by the Perkins Divisison of ADE was the
one used, and is shown in Table 6.3, whilst the other test procedures
are shown in Appendix D for comparison. Note should be taken that the
200-hour evalustion test Ls the only cna which specifies a condition
for failure, namely, an uncorrectable reduction in power of 5 %,




TABLE 6.3  Durability cycle reconmended by ADE
{ Time per | Accumulated | Load | Speed (
{ condlbfon | tiwe % I |
{ 5min i Smin | 0 | luw ldle 1
) Smin 1 i mn | 50 | 1800 r/min |
{3 }3hi0min | 30 | as governer curve |
I Smin 12h1smn | 0 | lowtdle I
I ab f7hiSmin | 85 1as govornor curve )
i $ min | 7h2twin | 0 ) high & 1
[y {11h20mn | 100 { rated 1
| smin tithesmn | 0 | lowidle |
] an (15h25min | 85 | as governor curve t
1 Smin (15h30mn | © lhlh I
I 4n 119h3onin | 100 | {
[ 5nmin 119h3smin | © | hh;h idie |
| 4hn 122025 min | 100 | ra 1
[ 5 min 123ha0min | © | low tdle {
{20 min ) 2 I | service shutdown |

Noees

Cycle duration 24 hours

During the 3 ond 4 hours pericds, the engine to be cycled for §.1/2
Dinutas at the specified losd candition followed by 1/2 minute at
iow fdle.

x

Source: Rogers (1961)

6.3.2 Performance checks

Engine performarice was monitored by frequent random checks of torque
develeped at rated speed, and of piston blowby using a gas flow mater
connected to the breather on the crankcase to manitor plston ring and
cylinder bare conditions. These random chacks enahled a quick
assessment to be made of the condition of the engine without stopping
the test. In addition to these random che:s, full performance bests
were carried out at the start and end of toe durability test, and also
st intervals of 100 hours In the case of t © . sts carried out on the
BDE 236 engines.

6.3.3 50-hourly inspections

Every 50 hours the englne was stoppod to carry out a {sual examination
ot the bores and piston crowns using s borescope. At the wame time,

o o




compression prescures vere checked and the conditions of the tnjector
nozzles vere checked using a Hartridge injector tester.

In the tests carrled out on the ADE 236 engines which were fitted with
Lucas-CAV fuel injection equipment, the {njectors were checked for
opening pressure, 'leak-back time’, 'seat leskage' and spray pattern.
The test for leak-back tine determines the nedle~to-bore clearance by
measuring the time taken for the pressure to drop from 16,2 to 10,1
MPa, The test for seat leskage was carried out by hlding the injector
tip against a plece of blotting paper and observing the growth of the
stain produced by the fuel whilst maintafning a pressure just below
opening pressure, The specttlcations were opening prassure of 21,0 KFa,
laak back time of § to 45 s and seat leakage stain of 4,8 m_(maednum)

in 1 min,

The performance of the Injectors fitted to the ADE 314 and Dausz
FEL 817 engines wnich were fitted with Posch fuel injection equipment

uas measured In terms of opening pressure, seat leakage and spray .
pattern. The method of determining seat leakige was to maintain a

Prassure of 17,0 MPa and measure the time taken for a drop of fuel to

form on the {njector nozzle. The specificaticns set by ADE ware 20,0 to

21,0 HPa for the apening pressure of new Injectors, 18, 1

{njectars and the time for a drop ta form was to exceed &

specifications set by DDP wers 13,0 to 18,8 ¥Pa for the opening

pressure of new {njectors and 17,5 to 18,3 HPa for used injectors, The

specification for seat leakage given by ADE for the ADE 314 was used

for the injectors fitted to the Deutz F6h 413F, .

A sutmery of the checks which were cavried out and their frequency is
shown in Ta "o 8.4,
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e

every 50 hours
evary 50 tours
every 50 hours
every 100 hours

Lubricating oil analysis, samples deawn
Compregsion pressure

Visusl examination of bores and piston crowns
Infection purp delivery

TABLE 6.4 Supmary of checks cacried qut and frequency
1 Check | Frequency 1
Maximum pover at: rated s ) daily }
Exhaust gas temperature at full load and rated speed | daily i
Piston blowby at full load and rate speed { daity i
o4l consurption rate | dail, i
| every 50 hours |
I |
| |
) }
| 1

1

1

1

\

| Injector nozzie condition
|

|

I

1

Source; Hyburgh (1983)

6.3.4 011 analyses

Sangles of oil were drawn from the engine sump every 50 hours for
analysis by Vearcheck, Pinetown, Natal, who specialise in spactrometric
oil analysis, and the Institute's Tribalogy Divisien, The
spectronetzic anaiyses were carried cut using a computer controlled
Rotrode Emission Sprctrometer for the ADE engines, and by the recently
intrediced Inductively Codpled Plasma (ICP) for the Deutz F6L 413F.
Analysis by ICP is claimed by Wearchack Lo be ware scmurate, but the
rasults from the two methods are different, and therefore the trends
rather than absolute valuos should be revieved Lo determine the
condition of an engine. A typlcal analysis report is shown in -
Table 6.5, and gives the Lation of the metal in the
ofl tn parts per million (ppm) by mass of iran, chromium, ntckel,
malybdenum, aluninium, copper, lead, tin, silver, magnesium, calcium,
2ing, phosphorus and barium. It also ineludes the other contsminants
si15eon (Qust), sodium, and boron in ppe and water, fuel and sludge (n
per cent, togother with a description of the oil.

0i1 samples taken in-house were analysed using a Duplex Perrograph and
Scanning Electron Hicroacope (S84), whilst detailed metal examination
vas carried out using Energy Dispersive X-ray Analysls (EDP), The
amount of {ron debris was measured using a parsicle quantifier.




TABLE 6.5 Example of & wearcheck oll analysis report
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Seurce: Falk {1988 b)

6.3,5 Endrof-test strip-down

At the end of the durability test each englne vae stripped and the
components inspected, The two ADE 236 engines which were used in the
original test [Mysurgh (1983)] ware stripped and inspected with the
assistance of ADE and the fuel (njection equippent vas sent to
LucasCAV Limited tn England for strip~down and {nspection, The fuel
tnjection equigment of subsequent engines were stripped and {nspected
with the assistance of the NMERL's Tribology Division and DHST yho then
Prepared a report on their findings covering the condi“fon nat anly of
the fuel {njection equipment, but also the engine components.

6.4 Reporting Results of Tests

An offictal CSIR report incorporating the tribological report as an
appendix was prepared on the completion of each test and stbmitted to
the Found toe Research now into the
National Energy Cobneil, who spaneored the investigation.




CHAPTER 7

RESULTS

e original test carried out by Myburgh (Myburgh (1983)) using the
standard ADE 236 fuellad with TLD did not form part of the currant
iovestigation, buk was the reason for it, and the vesults are included
here s that they way be refered o more casily. The tests and thelr
results sre given in chronological order because the outcome of each
test influenced the way in which the Investigation evelved,

The results are commented on below only vhere they deviste from uhat
would normally have heen expected. Descriptions are given of the fuels
used and the resules from the corbustlon analysis and durability tests,
Fesults from the performance tests are qrouped together in 7.6 below,
and sumarised In Table 7.1. Tables showing the physical properties of
the fuels are given in Appendix A, and the results from full load
perfurmance tests in Appendix E.

7.1 ADE 236 with Standard Injection Timing and using LD
{the original test) (Myburgh (1983)]

7.1.1 Fuels used

Four batches of diesel wers used for the tests of which the cetans
numbers of the first two were both 52,0 and the second both had a
cetsne number of 48,0,

only one batch of Tops was used for the test and when blended With the
diesel produced batches of TLD of which the first batch had s cetane
P rister of 46,0 and the other three had a cetane number of 44,0.

I..,
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7.1.2 Conbustion analysis

At the time this first cest was carrled out, NMERI did not possess
equipnent for fast-data—gathering and therefore Polaroid photographs
were taken of oscilloscope displays to determine peak cambustion
pressure and peak rate of pressure risa. The results were analysed
according to the method specified by Perking [Myburgh (1983)], and
indicated that the peak combustion pressure and peak rate of pressure
rlge were 8,3 and 20,0 % higher respectively for operation on TLD than
Qiesel. Subsequent tests were carried out using the fast-data-
capturing eculpment and the results are shown in Fig 7.1.
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FIGURE 7.1 Peak rate of pressure rise and peak combustion pressure
(ADR 226, diesel and tops light dlesel)

Sourcer Falk and Hyburgh (1987)
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The results shown in Fig 7,1 indicata that at the maximu load comvan
to operation on diesel and TLD, the peak conbustion pressure when
operating on TLD vas 8,6 Pa compared With 8,0 MPa for diesel and the
pesk rate of pressure rise waz 4,2 NPa/'CA for TLD compared with 3,9
MPa/ CA for diesel {Falk and Myburgh (1967)].

7.1.3 Durability

Throughout the test there was no appreciable loss of power or
detertoration in cylinder compression pressure of either the engine
fuelled with diesel which served ss a reference or the engine fuelled
with TLD. However, in comparison with the start of the test, the blowby
on the TLD-fuelled engine had doubled by 315 hours and doubled agatn by
340 hours when the test was stopped.

The first signs of what may have been erosion of the pistons were seen
as early as 100 hours by the appearance of a matt silvery deposit,
thought to have been aluminium, on the cylinder wall above top ring
reversal. By 175 hours, the first signs of erosions were seen, and at
340 hour's severs erosion was evident on Nos 2 and 3 pistons as shown in
Fig 1.2,

The strip-down inspestion revealed that the increase in blowby was
caused by sticking rings on No 2 plston and the condition of tre bores
was worse than that on the diesel-fuelled engine.

The plstons of the engine fuelled With diesel showed signs of cracking
around the 1ip of the contustion bowl belleved to have been caused by
the cmission of the chamfer when the pistons were machined. Subsequent
engines were fitted with pistons which had a 1 mm deep chanfer machined
at 18,5 °, and no further problems were encountered in the tests.

The fuel Injection equiprent wag semt to Lucas-CAV Limited in England
for inspection. The condltions of the fuel injection equipment on both
englnes vere similar) there was no breakdowa of lubcicetion although
the pump oparated on TLD appearsd o have suffared mare vear. A
deposit of sulphur and copper was found on the Injector needles, and
the prasence of sulphur vas surprising because of the low sulphur
content of the fuels, The origin of the copper msy have been the HP
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fuel pipes which were spirally wound copper-steel [Myburgh (198311,

7.2 ADE 236 with Retscded Injection Timing and using TLD
(Hyburgh and Falk (1985))

7.2.1 Fuels used

Two batches of diesel were delivered, The catane mumber of the first
was 48,0, and that of the secend was 45,7 which is marginally higher
than the minimin specified by SABS. '

o batches of TLD were prepared, of which onhe uas used for the
combustion analyses and the other for the parformance and durability
tests. The cetane numbers of the batches were respactively 44,8 and
42,1,

7.2.2 Combustion analysis .

The effect of changes in Injection timing was {nvestigated to determine
1t reductions {n the pesk conbustion pressure and peak rate of pressure
rise could be sbtained as suggested by Perkins [Perkins (1984)]. The
results are shown in Fig 7.2 and Indfcate that when the angine was
operated at rated speed and at a load equivalent te a BMEP of 500 kFa,
reductions in the peak combustion pressure and peak rate of pressure
rise could be achieved when the injection timing was altered bevween 27
and 14 ‘BTDC,. The injection timing had to be retarded o 22,8 RIS
for the pask combustion pressure not to exceed that when operating on
diesel, and to 19,6 "BIC for the pesk rate of pressure rise not to
exceed that when operating on diesel [Myburgh and Falk (1988)1,

These results confirmed the recomvendation made by Perkins that the
tnjection timing should be set to 19 "BTDC, and led ko the decision to
carry out a test with the injection biming set to 19 'ETOC [Perkins
(198433,
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FIGURE 7.2 variation in pesk rate of pressure rise and peak
conbustion pressure with chenga in infection timing
(ADE 236, tops light diesel)

Source: Falk (1988 )

7.2.3 Turability test

fhe test was terminated after 300 hours because no serious
deterioration appeared to have occured {n the condition of the engine,
slthough the pover ot rated speed Was 4,3 X lower at the end of the
test compared with the beginning.

The engine was fornd to be in relatively good condition when it was
stripped down sk the end of the test. The piston rings were all free
. in their grooves and were free from scores.

Inspection of the fuel injection equipment revealed that although the
condition of the cam rirg of the fuel injection pung vas considersd to
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have been satisfactory, there wes slight scuffing of the pump
plunger-shoe conjunction which indicated that a break-down of
Lubrication had occured (Fig 7.3). The Injector needles again had a
deposit which comprised copper, sulphur and zing,

FIGURE 7,3

Plunger shoe eanjunction
(ADE 236, retarded injection timing, TLD)

Source: Myburgh and Falk (1985}

7,3 ADE 236 With Standacd Tnjection Tining end using TILD
[Falk (1986 b))

7.3.% Fuels used

The first bntch of dlesel used as base stock was the same as the sgcond
batch used §n the test described in 7,2 above and had & cetane number
of 45,7, whilst the second batch had a cetene number of 48,0, which is
considered to be the ‘Industry Norm'.

The decision to use fuel with a cetane number of 48 led to the
preparation of IILD of which two babches vare prepsred, the first of




whieh required 0,23% by volume Ricet 3 ignition improver and the second
0,184, The method used to determine the quantity of lgnition Improver
required is shown fn Fig 7.4

sa
IGHITION IHPROVED
LIGKT DIESEL
9 —
o
E 44
42
@
9 ol 2
VOLUME OF IGNITION IMPROVER (%)
FIGURE 7.4 Cetane number vs volume of ignition improver added

Source: Falk (1986 b}

Cetane number was used as the comparator instead of ignition-delay as
recomended by Helnrich et al (Relnrich et al (1986)] because should
the need arise to introduce this fuel, cetane nunber can be checked far
ware easily than galtion delay, At the time Yhat these tests vere
carvied out the cost of treatment should not have added more the 1 % to
the retall price cf the fuel,

7.3.2 Durability
The test was stopped after 250 hours bacause no fuel-related

detertoration had occured. There was no evidence of the piston crown
eroston that was s feature of the original test.




When the engine was stripped for inspection, the piston rings were free
in their grooves,

Inspection of the fual injection equipment revealed that slight fatigue
of the cam ring of the fuel injection pump had ocoured, fThe deposit
was present on the injector needles again which could hava eventually
led to the blocking of the injector nozzle holes. Impact fatigue of
the line contact seat betieen the injector body and the needle was more
severe then in previous tests, and is shown in Fig 7.5.

FIGURE 7.5 Inpact Fatigue wei« on Mo , line seat of injector
(ADE 236, 1ILD}

Source: Falk (1996 b}

7.4 ADE 226 with Standerd Injection Timing and using NLD
(Falk (1987)]

7.4.1 Puels used

Two batches of diesel were used, of which the batch used for the
combustion snalyses had a cetane mumber of 45,7 which is Just sbove tre
mintmum specitied n SABS 324-1969 and the babeh used for the
perfornance and dursbility tests had a cetane number of 47,1, but the
temperature for 90% by volume recovery was 383 'C, which s above the
Limit of 362 'C set by 5ABS, A high temperature for 30% by velume




recovery 1s + - wlly sssoclated with a high concentrstion of heavier
fractions, whi. © ~sequently shows up as a higher carbon residue, in
this instance 0, . whlvh ls above the 0,24 specified. For gocd
cembustion all fu:. components must be in a gesecus or vapour phase
durtna combustlon, Slace the temperatures are lower during start-up or
at idle, these heavier fractisnz might not be burnt, resulting in
increased exhaust emissions. However, since this test comprised
virtually no start-ups and only a very small amount of time spent at
idle, the inclusion of these hesvier fractions should not have had any
deleterious effect on the results of the test.

Two atches of HLD were prepared, and the blend used for the conbustion
analysis had a cetane number of 40,0, whilst the blend used for the
performance and durgbility tests had & cetane nunber of 45,4. The
difference betweon the first and second batches of diesel was

for the fn prope: of the blend since only
one batch of heavy naphthz was used.

7.4.2 Combustion analysis

The results of the combustion analysis test are shown in Fig 7.6, They
show that when operating at the maximum comon load, the peak
combustion pressure was £,4 MPa for NLD compared with 8,1 MPa when
operating on dlesel. Howevar, throughout the lcad range the peak rate
of pressure rise was similar for the two fuels, except at the maximum
common 10ad where the peak rate of pressure rise for operation on NLD
was 3,3 MPa/'CA compared with 3,6 MPa/'CA for diesel, In view of the
shapes of the curves, this difference may be considerad to be small.
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FIGURR 7.6 Peak rate of pressure rise anc peak combustion pressure

(ADE 236, diesel and naphtha light dlesel)

Soyrce: Falk (1987)

7.4.3 Durabillty

fthe test was stopped after 250 hours because no fuel-reiated
deterioration had occured, Power at rated speed Increased by 1,4 %
betveen the baginning and the end of the test,

The 041 conswrption rate vas stesdy Up £o 200 hours, but Then ineressed
slightly.
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Adhestve vear on one of the plunger/shoe conjunctions
{ADE 236, NLD)

FIGURE 7.7

Source: Falk (1987)

The strip~down Inspection st the end of the test indicated that the
engine had been operating satisfactorily. The deposit which was seen
on the fnjector tips in previous tests was present again, but 1t would
not have affected the operation of the injectors. Wear on ene of the
plunger/shoe conjunctions in the injection pump was evcessive, shown in
Fig 7.7 sbove, the daterioration in the Injectors due to impact
fatigue, shown in Pig 7.8, ané cavitation erosion are cause Tor

concern,

66




FIGURE 7.8 Inpact fatique of injector needle (ADE 236, NLD}

Sourcer Falk (1987)

The deterioration of the components of the fusl njection equipment
preciude the use of this fuel excepk in an emergency where the rates of
wear may have to be accepted until the problem has been overcote,

7.5 ADE 314 with Standard Injection Timing snd using LD
(Falk (1988 2)1

7.5.1 Fuels used

Two batches of diesel were used of which the first bakch had a cetane
nusber of 48,0, generally conpliad with SABS 342-1969, and was used for
the conbustlon analysea. The sevond bateh had a cotene number of 48,5,
and wos used for performance tess and as base stock for use in the
durebility tests. The distillation temperature for 90% volume cecovery
of the second batch of diesel was higher than that spesified [SARS
(1369)1, but despite this. the gross heats of combustion, densities and
cetane nurbecs of the two batches of diesel were almost {dentical.



Two batches of TLD were prepared {n which two batches of dlesel and two
betches of Tops were used. The cetans nunbera wers 34,8 and 42,6
respectively.

7.8.2 Conbustion analysis

The results are shown in Fig 7.9,

——— DIESEL
e TOPS LIGHT DIESEL

-

\\
S
PEAK COMBUSTION PRESSURE (HPa)

w

~

PEAK RATE OF PRESSURE RISE (MPas*CA)

288 388 482 508 )
BRAKE MEAN EFFECTIVE PRESSURE (kPa)

FIGURE 7.9 Peak rate of prassure rise and peak combustion pressure
(DB OK 352, diesel and tops light diesel)

Source: Falk {1988 a)

The highest comwon joad for operation on diesel snd TLD was equivalent
ta a BWEP of 570 kPa. At this load, the peak combustion pressure




Tvo Patches of TLD were prepared in which two batches of diesel and tvo
batahes of Tops vere used, The cetane nurbers were 44,8 and 42,6
respectively.

7,5.2 Conbustion analysis

The vesults are shown in Fig 7.9,
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PIGURE 7.9 Pask rate of pressure rise and puak combustion pressure
DB OH 352, dlesel and tops light dlesel)

Sources Falk (1988 a)

The highest coneon load for operation on dlesel and TLD was equivaleat
to 3 BYEP Of 370 KPa. At this load, the pesk combustion pressure
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whilst operating on TLD Was 7,5 HPa compared with 7,0 MPa when
operacing on diessl, and the peak rate of pressure rise vas 1,9 MPas'CA
compared with 1,6 NPas'CA, The -esulta are shown in Fig 7.9, and
revesl that the peak rates of pressure rise wers substansially lower
than those seen on the ADE 236 engines (compare Fig 7.1 with Fig 7.9).

7.5.3 Durabillty
The test was stopped after 300 hadrs hecause no fuel-related

deterioration had occured. However, the rate of ofl consumptiia was
43,5 % higher than that seen on the ADE 236 engines.

Inspection of the englne at the end of the test revealed that the
crankshaft had a yellow colour, and the big end bearings had suffered
from cavitation erosion. Both BHERI's Tribology Division and DEAG
{DBAG (1987)) noncludad that the probable cause was too high an ofl
temperature which ranged from 122 to 134 'C. In subsequent discussions
with ADE the recommendatlon was made that the oll temperature should
not have exceeded 115 °C for continuous engfne operation [ADE (198711.

N FIGURE 7,10 Cavitation eroslon of the MP fuel pipes
AN f (ADE 314, TLD)
Ry
oy Source: Falk (1989 a)
f .
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Cavitation erosion shown in Fig 7.10 was found to have occured on tha
inside of the HP fusl pipes, but there was no deposit on the injecter
needles, .
The lack of deposlt may have been due to the engine being fitted with
sol4d steel HP plpes compared with spirally wound copper-steel HP plpes
fitted to the ADE 23, or due to changing the fusl pipes conmecting the
cutside bulk storage drums to the day-run~tank from copper to flexble
alcohol resistant hose.

7.6 Deutz FSL 413F with Standard Infect{on Timing and using L0
(¥alk (1988 B}

7.6.1 Fuels used

One batch of diesel Which had a cetane number of 47,1, and cne bateh of
Teps vere used for the test. Th TLD blended had a cetane number of
42,9,

7.6.2 Combustion anslysis

The peak combustion pressure and peak rate of pressure rise for

operation on diesel and TLD were lower than thase for tha ADE 236 and

DB OM 382 fcompare Figs 7.1 and 7.9 with Fig 7.11). At the highest

comwon load of 520 kPa, the peak combustion pressure was 6,2 MPa for

LD compared with 5,6 MPa for diesel, and the peak rate of pressure *
rise vas 0,9 MPa/'CA compared with 0,75 MPa/'CA for diesel. However,

the shapes of the curves of pesk combustion pressure and peak rate of

pressure rise both show maxima at a BMEP of 400 kPa comparad with

diesel which falls slightly as the load s reduced.
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FIGURE 7.11 Peak rate of pressure rise and peak combustion prassure
(Deutz FSL 413F, dfesel and topa light dfesel}

Source! Palk (1988 b)

7.6.3 Durability

The first signs of erosion vere seen on the piston crowns i “zer only 50
haurs of durality testing, and the test was stopped after 97 hours.

Measured torqua fell by 10 % betwean the beginning and end of the test,
engine blowby incressed by 28 %, but the rate of oil consurption vas
staady throughout the test during which 16,38 1 ol had baen used,

Ondy the cylinder heads, barrels, pistons and fusl injection equipment
were removed from the engine for Inspection because of the short
duration of the test, Erosion was seen on all the ptston crowns, an
example of which {s show in Flg 7,12, and alse on all the cylinder

- F heads (Fig 7,13}, Some of the inserte between the inlet and exhaust
valves had ales been distorted.

kb b
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FIGURE 7.12  Eroslon of piston crow No 6 after 97 hours
(Deutz 6L 413F, DY

Source: Falk (1988 b)

} e
FIGURE 7,13 Erosion of cylinder head Mo & after 97 hours
(Deutz F6L 413F, ¥LD)

Sourcet Falk (1988 b)
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The fuel njection equipment was in good condition which was expected
because it had been subijected to less than 100 hours instead of the
more 'normal’ 250 to 300 hours of durability testing.

7.7 Performance

The performance of the engines on light dlesel fuels compared with
diesel may be sumarised as shown (n Table 7.1. This tabla was
Prepared from the data contained in the Tobles and Figures in
Appardix E.

TABLE 7.1 engine performance when operating on

y of
llght "Yicsel fusls compared with dissel

i i Engine model {
i 1 ADE 236 | ADE | Deutz ]
i ] | 314 |PSL 413F |
{ | o fm fwdime |omD
1 1 rded | i I
1 1 llnje:elanl { i 1 |
i i ming | i | ) ¢
Ichange 1n power 1 1 ) ' 1 1 {
)at rated speed % ~aek ] 6,7 | -8,3 | -2,11-8,01 7,0 |
i | 1 { | t {
iChange in maximum i { 1 1 1 1 1
lexhaust temperature 'C | -63 | ~62 | =61 | -1 | =31 | -60 [
b 1 { 1 i ) 1 i
(Change in waximam i | i ( i i |
amoke ** | =34 1 =37 [ P =26 | -0,6 ) ~4,6 i
1 1 { 1 I { 1 |
(Change in thermal % 1 -8,8 ) =1,6 | =1,0 [ 521 ~0,9} 04 |
Vefficency e bte 1 ot 1 ot |t k) to )
1 a6 | 40 | 2,8 | o8s30 3,4 |
1 1 I 1 i 1 1 I
[Change in volumetric % | 1,60 | 0,8 | 0,8 12,21 331 fa |
fste leo | to | to |t |t} to |
13,8 4 7,2 (7,0 0 410 851 46 |
Notest

Lover value

L haiar mndha nessured in sartridge Smoke Units (HSU) for ADE 236
and Bosch Smoke Unita {Bosch) for ADE 334 and Deutz FOL 413F

x Plgures ars arithvetic averages of different loads afi steady spesds

#  Part load (nvestigated ak 3 speeds only

et




The table shows that In all instances opersticn on light diesel fuels
led to a reduction in rated power. Thare was also a reduction In full
1osd paver throughout the speed range which led to reduced exhaust gas
temperatures and reduced swoke emtssion due to the engines aperating
with slightly greater excess air than when operating on diesel,

Changes in thermal and spacific fusl
given in the table are the highest and lowest arithmetic averages at
set speeds within the speed rangs over which part lead performence was
tested. This method of prasenting data enly gives an Indication of the
the changes attributable to the use of light diesel fuels, A bether
method of obtagning and presenting this type of data may be found in
the report of field trials carried out by Natal University [Lyne
(1986)), In the report 3-D presentation has baen used to determine the
proportion of time an engine is cparated at a given load and speed
comb{nation 5o that a more realistic assessment may be made of, for
exarple, changes in overall fuel consumptien.

The figures of engine performsnce &t full load shown in Appendix E show
that the quantities of fuel injected by both the Lucas~CAV distributive
pump and Bosch in-line pumps vere atfected by the change In physical
properties of the light dlesel fusls conpered with diesel. In all
cases for the same throttle settings the volure of fugl delivered was
lower when operating on light diesel fuels, leading to lewer power
outpat,

An exomple of the difference in performance between the use of diesel
and light dfesel fusls may be seen in the ADE 31¢ where full losd pover
was consistently lawer throughout the speed range when operating sn
TLD, with 3 sharp drop~off below 2000 r/min. This characteriatic may
have been caused by the Increased compressibility of the 1 compared
with diesel resulting in a reduction of the quantity of fuel injected,
and hence reduced pover output (ADE (1963 a)l.

Several rasults were seen ohly oh the Deutz F6L 413F and these are
comwented on here, Operation on TLD led to waximun paver being
developed at 2400 r/min inatead of at the rated speed of 2500 r/min,
although the change In pover given in Table 7.1 fs the percentage
change at 2500 r/min. Brhaust gas bemperatures and smoke oeasured on
the left-bank were higher than those messured on the right-bank

A A
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Throughout the speed range except for 1400 and 1600 r/min when
operating on dlesel, and higher throughout the whele speed range when
operating on TLD. This phenomenon hds alsc besn seen in similar tests
carried out by a vehicle developer.

o several occcasicns was expe) inr ng the
engine when operating on TLD. A brief test showed that when the engine
had bean operated at 2200 r/min and full load and then had been shut
down, the temperature of the fusl at the {njection pump inlet rose o

88 'C after 4s little as 15 minutes. Restarting was inpossible due to
vapour leck.
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CHAPTER 8
DISCUSSION

This saries of tests was prompted by the fatlure of an ADE 236 to
operate satisfactorily on a worst case light diesel due to erosion of

the piston crown, In the first test the pistons of the engine fuslled
with diesel, which served as referance, also showed signs of cracking

around the 1ip of the combustion bowl which was sharpredged, possibly

due to the emission of the chamfer when the pistons vere machined,

Problems of cracking, or In advanced cases, erosion, of the pisten
crown in the region of the conbustion bowl may be caused by a
combination of thermal and mechanical stresses [Wacker and Coelingh
(undated)]. Thermal fatique cracks occur at the edge of the combustion
bowh because of excessive tempersture and temperakure gradients such as
the eyellc thernal stresses found during the combustion cycle.

Hechanical fatigue cracks occur as a result of high firing pressures
andsor high rates of pressure rise, Rates of pressure rise are
{ncreased under transient accelerating conditions when maximum
fuelling is {ntroduced Into a cool corbustion chanber when full
throttle is selected after ldle, namely the conditions prevailing in
the durabillity cycle used in these teats [Perkins (1584)1,

Open combustion bowls with rounded edges are less susceptible to
problems of this nature then re-entrant bowls with sharp edges.

v gy bowls ald by promoting
suivl leading to better fuel mixing [ADE (1986 b)), The method used by
ADE to resolve the problem on the ADE 235 was to machine a i mw deep
chamfer on the 1ip of the combustfon bowl at 18,5 ' &nd to provide a
radius vhere the chamfer meets the bowl, Subsequent englnes tested had
plstons titted with the chanfer, and no further platon cracking
ocoured Other more expensive methods of overcaming thermal fatigue
cracking Include hard ancdising the surface of the piston with a layer




40 to 70 j thick which fmproves bhe elbuation by & factor 3 to 5,
changlng the combustion chamber to the Perkins 'Quadram' squared shapo
¥hich 1s Incornarated in a new range of engines whish Perkins clalm
reduces the 1 1ition delay by 10 ‘CA and peak pressurs by 10 %,
¢hanging to & .ombustion bowl which iz shallower, or to introduce
internal piston cooling [(Wacker and schoekle (1379}, Scott (458633,

In an emergency these costly and long term options are not available,
since the aim is to provide an almost instantaneous way of continuing
to operate diesel engines with a minfmum of fuss.

‘he investigation has shown that the peak conbustion pressures for TLD
and NLD were similar, ot there vas a difference in the peak rates of
pressure rise, especially when Conparing the results from TLD and NLD
33 shown in Fig 8.1,

T Tops Clai e le;
m—— NAPKTHA LIGHT DIESEL s =
8 //_y’-/_ 8 g
é & 473
s :
g z
54 4 . %
ot ]
e
5, e
é '
E t
gBB 308

408 529 608
BRAKE, MEAN EFFECTIVE PRESSURE (kPal

FIGURE 8.1 Peak rate of pressure rise snd peal. combustion pressure

for TLD and NLD on the ADE 236

Sources Falk (1988 ¢)




The peak rate of pressure rise for TLD was higher than that for NCD and
Qlesel, espectally ot the highast cummon load attalnable on all fuels.
The failure of the ADE 236 may therefore be more dependent on peak
rates of pressure rise than on peak combmstion pressares, and
especially under transient accelerating ronditions as suggested by
Pecking (1984), Dursbility tests carrled out on the ADE 236 established
that_the engine could survive between 250 and 300 hours of testing
without the recurrence of the piston crow erosion that was a feature
of the frat test, On this basis each test vas classified as a ‘pass’,
although increased wear of components fn the injections pumps remain
cause far concern. These comporents include the imjector nozzle
needles/gests (Fig 7.8), and adhesive wear on one of tha plungers

(F1g 7.8) when operating on NLD which preciudes the use of this fuel
except in an emergency. Tests Lo determine the load carrying capacity
of the light diesel fuels have been carried out by NMERI's Tribology
Division (Luszczewski (1986)), but the four-ball test method doss not
sppear to take into account the operating temgirature of the fuel, and
shecatare the value of the sesilts i guestioned,

“the peak combustion pressure and peak rate of pressure rise for the
ADE 314 as tested (n the DB OK 352 were lower than those for the

ADE 236 (compare Flg 7,10 with Fig 8.1), The design of the ADE 314
already ircorporates a radiusod combustion bowl lip, whizh together
with the results from the combustion analysis are balieved to be the
reason for this engine's survival. Hewever, whilst the fuel injection
squipnent. was generally in better condition on this engine then on the
ADE 236, cavitation erosion had occured in the WP fusl lines,

‘e damage to the pistons of the Deutz FGL 413F cceured on the sharp
edged section of the 1fp in the direction of swirl at a location
between the injector and the exhaust valve (Fige 7,13 and 7.14), In the
first ADE 236 test the failure vas slzo on s portion of piston crown
located close to the exhaust valve. The failurs of the alr—ceoled Deutz
F6L 413F might be ascribed to the longer time taken to reach stable

conpared Wit engines thus extending the
poriod of high transient ra.ss of pressure rise. However, KHD are
unwidiing to ascrite 3 cause of failure because the engine was rebuil:
and suffered from high of) consunption (Faik (1988 d)).
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Power at full load throughout the speed rangs on all the engines was
reduced as a result of opersting on light diesel fuels (see

Appandix E). The cause may be explained as follows. The lowsr
viscosities of the light dlesel fuels resulted in a reduction In
transfer pressure in the Lucas—CAV pumps fitted to the ADE 236 engines
thus leading to a reduction in the quantity of fuel delivered, The
higher compressibility of the light diesel fuels also led to a

reduction in
Chapter 7.7,
of the lover

the quantity of fuel delivered as indfcated in
The quantity of input energy was further reduced because
voluretric heat of comuustion of the light diesel fuels

compared with diesel,

The results of

the duranlity and performance tests may be sumparised as

shown n Table 8.1t
TABLE 8.1 Summary of durability test results, and performance
compared with operation on diesel

| Engine |  Injectien | Fuel | Hesult | Rated | Bxpeeted |
] ] timing | ] | Power } Volueetric |
1 | ] t I | Fuel ]
H ] i ] ] | Consumption |
{ADE 236 | Standard | TLD | falt | lawr { higher \
1 1 ' i 1 i i
| ADE 236 | Retardsd | TUD | pass | lower | higher |
i i ' i { | i
1 ADE 226 | Standard | YILD { pass | lower | higher ]
1 j ' ) i t 1
| ADE 236 ( Standard | MD | pass % | lower | higher |
) I 1 ) 1 1 i
| ADE 314 | Standurd | TLD | pass  ( lower | higher |
! i i 1 i i |
) Deutz 1 1 1 I i 1
| F6L 413F | Seandard | TLD | £ail | lowew | higher |

Notel * Wear In (njection equipment unacceptable except in emergency

, et These laboratory tests were not designed to evaluate problems that may

> enly oceur when opersting engines in vehicles, According to Grigy et

. / i al (1986) hot re-start problems can be expectad {f the temperature of

. the fuel in the injection pump axceeds 55 ‘G, when usiiy 2,J cSt fuels,
G such as the light diesel fuels used in these tests, The equivalent

temperature for operation on diesel derived from crude oil which has a




viscosity of approximately 3,0 St is 70 ‘C, Hob re-start problems
have occured on the Highveld where diesel produced from coal is
marketed and which has a lower viscosity than diesel produced from
crude oil. The situation has been resolved by the fuel producer
enauring that the viscosity of bhe diesel is at least 2,2 St which is
well sbove the SABS minimim [SABS (1969)).

During these tests hot re-start problans were only experienced on the
ajr-cecled Deutz engine. The cause vas not believed to have been
related to viscosity bub to vapour lock, established by monitoring the
temperature of the fuel at the {njection pump tnlet on shut-down. fThe
possibility exists that the Ves range of any engine whether water or
air cooled and where the injection pump is located in the Vze may be
sasceptible to vapour lock becsuse of heat-soak from the crankcase.




viscosity of approximately 3,0 ¢St s 70 'C, Hot re-start problems
have cecured on the Highveld where diesel produced from coal is
marketed and which has a lower viscosity than diesel produced from
crude of1. The situation has baen resolved by the fuel producer
ensuring chat the viscosity of the diesel is at least 2,2 oSt which s
well above the SABS minimum [SASS (1966)],

During these tests hot re-start problems were only experienced on the
alr-cooled Deutz englne. The cause wes not belfeved Ls have been
rolated to viscosity but te vapour lock, established by menitoring the
temperature of the fuel at the Injection pump inlet on shut-down. The
possibility exists that the Vee range of any engine whether water or
asr cooled and where the injection pump {3 located in the Vee may be
susceptible ta vapour lock Because of heatesak from the crankcase.




CHAPTER 9

CONCLUSIONS

Following combustion analyses, performance, and dursbility tests which
vere carried oot on the ADE 206, ADE 314 and Deutz FGL 413F dissel
engines, the following conclusions may be drawn:

1. In standard form the ADE 336 Afd not Survive a durability test when
fuelled with a worst case light diesel fuel due to erosion of the
plston crowns.

2. The ADE 235 can achleve satisfactory durablllty performancs (i
the [njection timing is retarded by 5 ‘CA and the worst case light
diesel fuel 15 used,
or the standard injection timing is retained and the engine is
fualled either with the worst case light dlesel to which ignition
Ivprover has been added or a blend containing fewer light
hydeocarbons, namely the blend which contained 25 % heavy naphtha,

3. The ADE 314 sur¢ived the dursbility test in standard form when
fuelled with the worst case light diesel.

4. The Deurz PEL 413F did not survive the durebility test in standard
form when fuelled with worst case light dlesel due bo erosion of the
piston crowns and cylinder heads.

5. Wear in the fuel injection equipment of the ADE engines was more
severe when operating on the light diesel fuels than on diesel and this
precludes the use of the bland containing 25 % heavy nephtha except in
an emergency. The test carried out on the Deutz FEL 413F wag too short
to comment on the effect of the fuel on the fuel injection equlpment,




6. Operation on light diesel fuels led to a reduction of up to 7,0 &
in full lcad power, Full load exhaust tamperatures and smoke were lower
a3 a rosult of the lower power outputs throughout the spaed range.
Volumetric fuel consurption 13 axpected to increase by up ta 8,5 %.

7. Hot ve-start problems occured due to vapour lock on the Deutz
F6L 413F Vee engine, and this problem may also occur on other Vee
engines.




—

CHAPTER 10

RECOMMENDATTONS

1. Further work should be carried out to determine what steps are
mecessary Lo reduce tha vear in the fusl injection equipment whan
aperating on light dfesel fuels.

2, Further tests on the Deucz ¥&L 413F are planned using 2 new engine
instesd of = Tebuilt one. A repest of the test using the vorst case
1ight diesel is proposed followed by a tast using the worst case light
diesel to which Ignition jmprover ls added to determine if the engine
would survive the durabllity tesvs, A test with the injection timing
vetardad and haing the varst case Light diesel fuel is not recommended
because of the conditions under which trucks fitted with Deutz F6L 413F
and F10L 413F engines operate.




APPENDIX A PHYSICAL PROPERTIES OF THE FUELS TESTED COMEARED
WITH THE REQUIREMENTS OF SABS 24211969
i 1 | Typteal | Typlcal | Mypical |
1 | 242:1969 | crude ofl | topm | nephtha |
{ 1 | derived | light ) light {
1 1 { dlesel | diesel | diesel {
{ Flash point ‘¢) s8 min, ) & | -ta-s | -4 1
) i I ! |
| Viscosity 8 40 °C c8ti 1,6 105,31 3,2 |1,8ta2,5(1,9t024 |
| i I i I
| Cetane number ¥ | asmin, | 48 (42,0 to 48,0140,0 0 45,4 |
1 { i b i )
| Cold £ilter plugging | ) i { 1
1 point el o | gtol( o7 | =7 {
1 1 b f {
i Boilng range €l - } 160 to 388) 39 to 392 | 59 £o 2400 |
i 1 I 1 i 1
| bistillacion temp 'C | 262 max. i 383 | 364 | 386 0 366 |
| for 90 % recovery | i 1 1 i
I i 1 1 I I
| pensity 1 { 8.0 | 8050 | 821,58 |
1820 °C ¥g/m3 | 1 [ N t
{ i 1 1 etz 1 e2,0 |
I I I 1 1 !
| Heat value  (xJ/kg) | {45400 | 45640 | 43850 |
i i t I te | to |
4 I i} | 4g0S0 | 48660 i
I [T | aasas | a3s7e0 | 3sean 1
1 1 1 [ N ) )
{ 1 { Ioavae0 | ae120
1 i | 1 1 1
I Ash .atent vy masa | 001mm. | © I o | o002 |
1 1 t | 1
| Water content \ vol | 0,05 max, { 0,086 I 0 | o008 I
i | I | 1
| Sulphur cont. % mass | 0,85 max. | 042 (048 | 0,3 1
1 i 1 | 1
| Sediment cont, v mass | 0,0t max. | 0,00 ) o ) 0008 |
1 I i I I
| Gachon restdio on | 1 i | )
1 % (vol) b I I 1 1
| atantiiatton 1 1 i I 1
\ amase {v2mx. | 0,06 1 oA ] 043 i
i 1 i ! t |
| Gopper strip zorrosion] i 1 1 |
1 (368100 c N [ [ 1
Niotest *  Tops Light diesel with ignitien improver 48.9
* Cold filtar plugging point -
nter
Transxnon 6 'C from 15 April to 14 Hay, 1 Lo 30 September
o
e Sourcer Myburgh (1996 o), Falk {1987)
. o

AN ’
: !

[
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APPRNDIX B FULL TECHNICAL SPECIFICATIONS OF THE ENGLNES TESTED
| Make and model | ADE 236 | ADE 314 | Daimler~ | Deutz )
t i l | Benz O 352 | FSL 413F |
| Type of combustion L open | open | open | open I
| chamber ] t 1 } 1
i 1 b 1 1 !
1 tnjection | direct | dfrect | direct | dlrect |
! (direct/tndirect) t | \ I 1
i ! i 1 | 1
I Bare m) %4 97,0 | 97,8 {1z, o
1 ! I I i !
| Stroke mm)o127,00 1 128,01 122,0 Vs )
4 i t I 1 !
| Swept volure 113,88 | 3,78 | 5,876 {ss
i 1 1 I i |
I No of eylinders 1o {4 [ L8 !
1 Y 1 1 i 1
I Arrangement: | inline §inline |inline  ( ves t
! y } 1 1 i
| Compression ratfa 11 16 | 16 [ 117 i
i t ' ) | i
1 oycle I [ [ [ i .
1 t ' ) ! 1
| Cooling | water | water | ater | air 1 R
I i { ) 1 { N
1 Asplration I nat agpv {natasp ) nat asp | natasp |
i | i ! s 1
| Infection puwp  make | Lucas-CAV | Bosch | Bosch | Sosch |
1 model { i 1 [ i
t type | dlsgribd | in line | fnilne | inline |
i model no | 3249¥532 | PESAA | PESEA | PESEA |
i 1 | 9oDélo | goDdlo | 9spAlo |
1 i | RE2s70 ) BSaeed | LSaASO |
i \ i } I 1
| Injector nozzle type | Perkins | Bosch | Bosch | Bosch | N
i { multthale { meltibole § mlbibole | miltihole |
1 : I | i i
i nunber | 2645655 | DLLA | KOAGL b DA 1
1 i {1428 791} 7453719 | 288636 |
i i I I L i
{ Injection timing “BIDC | 24 @ | 181 1 18 I a2 {
i | 2800 r/mint static | static | static |
Notegt  * « naturally aspin
PR sk Aot rotary)
; 85
o s
! . . .

A—— -



"ENGTEST' PROGHAM FOR CALCULATING AND TABULATING DATA

i Implication

Smokeneter

Fuel dansi

Print style

| sami-sutamatic address selection for
file of information {rrespective
of computer used

manual input of data
automatic input of data - not ready vet
retrieve Information from file

mass print of up 5o 50 test results

on one diskette

selection of questions and table
format, correction fackors,
questions for data input

table format and gquestions for
data fnput

table format and questions for
data input
table format, correction factors
(turbocharged = 1), questions for
data input

i
|
!
I
|
1
y
'
1
|
]
i
|
'
|
'
1
i
v
i
i
I
!
1
|
| ealeulation of BHEP
|

'

Lind

ngloe 4
fuel, density*, heat value (gms: or nett)x, atmsspheric pressurex,
(itens macked » wust be entered for program to continte)

} Bosch / Hartridge

ty g tempersture /
c

APPENDIX €
FROM PERFORMANCE
Key questions and implcations
Question | Ansver
Diskette size | large / small
)
'
1
Input type | manual
1 sutomatic
| from file
| wass print
1
1
Engine type | compression {gnition
| spark ignition
i
1
In-line '
ar Vee 1
I
water / i
air cooled |
!
Naturally H
aspirated / |
turbocharged/ |
turbecharged 1
fotercooled |
]
2-stroke /
4estroke i
1
Tast title sheot input:
date, test number

coments,

| normal / compressed | cartain tables only compressed

| table format

{ conversion from sfc mass to sfc vol
} based on fuel I:smpera!ure at p
{ inlet or 20 'c. If temperature
| then decrease density by 0, ss kg'C
| samgeratuce rise shove




i

Question | Bnswer | Implication
Turbo boost | o Ky / 1o H20 | table format, conversion to kPa
pressure or | |
manjfold ] 1
depression | i
i 1
Print-out | yes 7 o | continue (nput with/without printout
I { of most recently entered test
{ 1
ste | mass / volume { tanle farmat, conversion mass / vol
l

on Hass Print soft key options:

data input, calculated inpus,
calculated output .

ull print
out.

Results only calculated Input and calculated output
Data i only data {nput
sfe by mass sfe by mass or volune - table format

Stc by volume
Print normal print 12 characters per inch B
Print narrow print standard compressed

Pamp temperaturs or 20 'C

Denatry
eslealation

hatomatic features:
Compressed print style for certain tables

Barometer input whether mm g or kPa will autcmatically be printed as kPa, N
The correction factor for altitude or ses level according to SABS 013 is
based on the barometric pressure calculated In kPa. The comments section
of table format states which corraction factor has been applied, namely,
SABS 013 Part I for tests at sea lovel or Part II for tests at altitude.

Correct selection of correction factor baged on imput of engine type
teomprassion {gnition/spark ignition, naturally asplrated/turbocharged)

Brror trapping on mansal input Lf data are nob within 'reasonable limits'




Purabiiity cycle 100 hours

ABPENDIX D DURABILITY TEST CYCLES

TABLE Di Proposed Light diesel project using ADE OM 314 engine -
Diesel fuel testing engine based on the OM 386 engine.

Stage | e | Engine speed |  Load 1
| Per siage Cumulative |  r/min } % of full load
1 min  oin | I

i i 60 | s 1 2800 I 100

2 i a (%0 1 1800 1 100

3 \ 0 4 st 1088 i 180

4 t 0 1 180 | max, 2950 | [ {
I | | (high tdle)

Repent stages 1 - 4 1

up ta SO h total time 3000 1

5 | 3000 | 6000 | 2800 | 100

Source! DBAG (1986)

DBA; do not recommend removing {njectors every 50 hours for inspections
because of the danger of fareign watter getting into the bores.




TABEL D2 200 hour screening test for alternate fusis

¥ail if power drops by 5 % and cannot be corrected

| Stage | Speed | Torque | Pewer |  Duration |
1 i R A v mn |
1 | rated | - | cated | 0 |
12 1 L] ] max. | approx. 95 | 50 |

k] I 30 ] 28 1 25 ] a0 ]

4 1 lowtdle | 0 i o E]
1 Total time per cycle w0 |
Bepeat $ cycles, then shat down for 9 hours,
& wer 200 hours.
Source: Anon (1982)
TABLE D2 Endurance test of & sunflover oll/disssl fusl biend

{Stage |  Speed | Load | Time |
I | i loin |
11 | bighidle | [ [
2 1 peak terque | peak corgue | 10 |

Repeat continuously for 500 hours.

Source: Ziejewski and Kaufwan (1962)




APPRADIX E FULL LOAD PERFORMANCE DATA

Full load performance curves and tabulated dsta ‘rom which the curves
were derived for:

236, standard ot o5 deg, tops light diesel
i rres Myburgh  isi, ulr 1966 o)

£ 436, retarded injestion tin'ng, tops }ight diesel
Inwrce' Falk and Myburah (4985), Falk (1908 ¢)

ADE 246, w dard infection tining, fgnition improved light dfesel
. 11986 b, Falk (1968 c}

AUt 285, standerd irjection timing, raphtua 1ight diesel
Sourzer ¥aik (1987), Falk (1988 ¢)

ADE 314, sterwd (njection timdrg, tops ligh. diesel

domee: dall (1978 a)

Neutz F6L 4137, scardard injectlen tiring, tops light diesel
feurat Felk (1988 b)

90
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iy P~ e
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LT \eg 1890 22 2600
ENGINE SPLED (s/nin)
FIGURE 1 Full load pover, torque and specific fuel

consumption (ADE 236, standard injection
tining and using TLD)

208

75

TORGUE. (N>

150
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T

INIECTION PUAP
BELIVERY ul/stroka)

e —

—
DIEsEL
s TOPS LIGHT DIESEL.

E

530 e
P

EXHAUST TEHFERATIRE {*C)
8
8

580
ieae 1488 1820 2208 2600
¢ ENGIAE SPEED (renlod

- j FIGURE E2 Ful! load {njection pump delivery, exhaust
B swolie and exhaust temperature [ADE 236,
standacd {njection biming and using TLD)
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SPECTFIC FUEL

r—n TOPS LIGHT DIESEL

T ™

DIESEL

CONSUNPTION (g/kHh
u
4

FIGURE £3

2200 £

2] 1808
ENGINE SFEED (rrain}

Full load pover, torque and specific fuel
consunption (ADE 236, retarded injection
timing and using TLD)




INIECTION PIStP
s

DELIVERY (ul/straks}
&

£l

[——— oreseL
s TOPS LIGHT DIESEL

e

e

E)
[£27] 408 1528
ENGSdE SPEED (r

2200 280
/min)

FIGURE B4 Full load {njection pump delivery, exhaust
smoke and exhaust temperature (ADE 236,

retarded injection tim

9%

ing and using TLD)




Full load performance data (ADE 236 standard

injection tlming and using dlesel)

TABLE E3

g

L 386 1

st

o
CHLE
[

TEST HOMBEE:

s

BINE! A5 2361

[

4'~strake
2
E

BSITY 828 °G: | 5.8 lo/ed
SR Thels sy Eﬁtl%’w

FUEL:DIESEL

AIHOSERERIC FRESGORE! 86,82 KPa

‘B100

Y T2
cHion TN o 70 24

REOBACE PATA COPRECTSD 70 SASS 013, 1952, WART 1T (AKTITUDE)

1

L
UK

T vaterein Loageratoras uees ot neasured

CORMENTS!

SEEganaann

et s LA

RIREFIOR

P
SSRRITLEET

SENHENRIRR

PEASORMAHCE RESULTS

SHOKE |

.W jesrasnanes

W

g/l K | Ko

UKD

SPEED JYORQUE ) PSR ) SEC ) BEP JYOROUE ) SOMES | SFC | mEP VIBWCY |

EEURUSEaE

SRERRIERSE

57

SEgsigants
SeaEnEEs
BRTIFRERSE

ey



Full load performance data (ADE 236 retarded

injestion timing and using TLD)

TABLE E4

TEST HRRER! P 261

{77

W

56 1

W0, OF CYLINDERS: 4

4 -siraks

DISHACEHENT:
oveLe
BTy 8 28

BGINE: ADE 2361

1.2 o/
WA

'
WE (GROSS):

AT VAL

251085

FUEL:75) DIESEL,

RTtuaPHERIC PRESSURE: 0603 YPa

, 1982, FARY 1F (ALTIIOEY

REECTED 10 S48 013,

R

PR

o
0N TIKING SET 10 19 *2T0C

1 ator=1n teageraturss vrs not waasared

L
oy

COMMERTS: PERFOPMANCE DATA

TEST CODITIONS

sEzzezasss

PO ———

EBTEE5RENS
SRENRERSER
BESRIRNRIN
sesszRnIEs

FIRCSERESE

SEREEE

PERFORAICE EESLIS

CORRE

(SPEED [TORQUS | POER | SFC 1 GHEP {TURQUE | POUER | SFG | SKEP |IEMCY I

c/mn |

g

SHKE
[

g7l e 1 T

Wt

EoEERERTEE
BESBSSRERE

BEgCREREsg

AE[EARIITAR

SREAIRTITE

SesgsgisTs




A—— mgsEL

———— TGNITION IMPROVER LIGHT DIESEL

TORGUE (Ra)

\\/____

2
4

a

SPECIFIC FUEL
CONSWHPTION (g/kith)
T

28 L . L
[t ) 1980 2200 2608
ENGINE SPEED (r/min}

., J o FIGURE E5 Full load power, torque and specifie fuel
o consumption (ADE 236, standard injection
Cogg, timing and using IILD)




INIECTION PUHP

BELIVERY (ub/stroke)
&

&

728

EXHAUST TENPERATURE (*C3

450

FIGURE E6

e DIESEL
—« IGNITION IMPROVED LIGHT DIESEL

1890 7]

1880 2200 2609
ENGINE SPEED (r/min)

Pull load injection pump delivery, exhaust
smoke and exhaust temperatura (ADE 236,
standard injection timing and using IILD)

100

[




s

o023
9650
g

it

HEAT URLDE (GROSS)1

, 1982, FRRT IY (ALYINODR)

TEST HUMRER!
pESITY 6 20

EST CODITIONS

full load performance data (ADE 236 standard
Injection timing znd using diesel)

FORIENCE DG COZPECTED 10 SREY 013

DUECTION TodD

NOTE: untar-1n Logeraturas wace nat nsasured

B2

ENGINE ADE 236-1
ATHOSIHERIC PRESSURS! 66.02 KPa

FIELIDIESEL
covins! i

TABLE E§

W8

pote e
JERESINREn
b

BRRABERRER

#eRoIEEgEE

i WPa |V

" LR
@

PERFOSHAHCE RESULTS

D
Ig/hi ks | Ma

HERST
]

SPEED (TORQUE | PUUER { SFC ( BMEP ITORQUE ) POUER { SFC | B4EP

LIREFHBORL

SenssRRAns
#senEmREe
Sﬁﬂﬂuﬂﬂﬁﬂwﬂm
FaRaEAR
eRmARERER

Sasiaaiais

b ]

b
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Full load performance data (ADF 236 standard

injection timing and using IILD)

TABLE ES

TEST WHBER:  FC 245

DISPLICENBNT: 3

9506783

[

061

4

. OF CILINDEES! 4

0
GelLE:

ENINEL ADE 2361

e
g (62083 45720 Kivky

2

RYRA

8, T0R
o 3

FUELI7SY DIESEL

ATHOSPLERIC PRESSRE: 67.47 KPa

e

COMMETS: ERFORMANCE DATA CORRECTED 10 SABS 013, 1982, PARY 1 CRLTITUDE)
S g e e
TAECTION TINING SET 10 24

HOTE! uckee-1n teageralures vers mof saasuced

TEST CHDITIONS

TogReze

T
Bk L7100
6LV ERCROR

im
ko

FRERERKE

t g,
jale File

TEHPERATURES
GATER| OIL {THLET!

o)
e |

SPEED HOATED!
X

1h 1 aliste |

r/ain | 0

DERgREIgas

FEFIEREREE
BRRAARRADG

[e—

]

wREERsRoEE

i
)
g

ERSIRED

Uit

sEsdndngag
EEEIRERESS

ig/dhl kP | %

Sugoguedry

W

I
T
{
|
i
i
i
|
|
i
|

SEsEEREnIn
FEganRERS

SESRGREEER

Ig/dhi k2 | b

)

SPEED (TORQUE { POGER | SFC | SHEP
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INJECTION Pup

DELIVERY tul/strokad
8

ot s wue NRPHTHR LIGHT DIESEL

700 ]

EXHRUST TEMPERATURE (*C)

a0 N "
L] 1400 1088 2200 2608
ENGINE SPEED (r/mind
FIGURE B7 Full les® pover, torque and specific fuel
consurp + * ¥ 236 standard injection
Eiming & + rung NLD)
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POHER €k}

FIGURE E%

68 — -

5““‘

5.’-‘
. .
S

]
oo wu e NAFHTHA LIGHT DIESEL,

E

£

]

for -~
\\_—-_.// ~

2208 2808

loga t4en 1808
ENGINE SPEED (r/min)

smoke and exhaust temperature (ADE 206,
standard injectlon timing and using NLD))

104

Full load injection purp delivery, exhaust

TORGUE. <Him)




*\

Full losd performance data (ADE 236 standard

injection timing and using diesel)

8
8
H
&

i

9 a3
3

TEST NONBER)
DisPLACEHENT
§ oL

WS
BRGINEY ADE 236

2]

86 1
INERS! 4

4 sivake

Pl a0

i

T
kg

FUELADIESEL

ATISTHERIC PRESSTREL E7.18 Ka

HOTE: watac-1n tesporataras nat seasured

CONENTS: PERFORIGICE DAY CORRECTED 10 SAIS -
ESRFOROE 18 SORRRRTED 10 <488 3, 1oka, AART 11 (LT

TEST CONDITIONS

SRS smRn

RehnErEsEs

PERFORHANCE RESULTS

(I IOtk

Ig/d ks |t

mw:lmﬂ:smwrlram!lm:usgc[mn

1kl

K

ig/nl WP | Mo

P

SPEED [

ASRRRENTER

ot et
REEAZRRASE

Zusdgderes
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m. ke

4
0 gt
(aRoss) 43350
Talseie |

TEST HHBER:

Wi

ity

U

[

UG

Full load performance data (ADE 236 standard
TEST CORDLTIONS

injection timing and using NLD)

2,00 K

comens: 5ATA CORRECTED 03, 1982, PARE g}
1 PEREOBCE tra SBSSLTED 0 965 AT 12 (AL21TU

[
7% DIESEL
L

emn ('8 10 1°C LG

FUL:25) HPHTHR
RTYOSEHERIC PRESSUREH

8
8
2
H

TABLE E8

0]

SggmesvaTs

FIEaRRssss

|

BT I

EEFIC
i

| CORRACTED [
TORQUE | POUER | SFC ) BHEP {

HEASIRED.

SERRSHRER
FERTETERRE

eSS

CEMEOTSE

sEsEsanEty

P ]

| BERIREEE

FEREARASES

sizngdeese

{TORQUE ) POGER { SFC | BHEP

)

SPEED

s
!
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SPECIFIC FUEL
CONSUMPTION (g/kkh)
3
&

FIGURE B9

=N

" . N .
ioe 1408 1880 22e8 2628

DIESEL
——-— T0PS LIGHT DIESEL

D R ——

ENGINE SPEED {r/min)

¥ull load powar, torque snd specitic fuel
consumption (ADE 314, standard {njection
tining snd using TLD)
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e TOPS

Ee. e
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SGHT DIESEL

208
leas

SPECIFIC FURL,
CONSINPTION Cg/icih)
&

g

FIGURE E9

1388 22 2604
ENGINE SPEED (r/min)

K]
Full losd pover, torque and specific fuel
consumption (ADE 314, standard injection
timing and uging TLD)

TORGUE. tNm)




IMIECTION PP
: &

DELIVERY {u1/stroks)

EXHRIST TEMPERATURE (*C€)

DIESEL
e TOPG LIGHT DIESEL

b e n e T e

50 e i
leae 1409 1688 2298 2694
ENGINE SPEED (r/min}
FIGUERE Eio ¥ull 1oad injection pump delivery, exhaust

smoke and exhaust temperature (ADE 236,
standard {njection kiming and using TLD)

EXHAUST SHOKE
tBosch)
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FEREIRBIRE

FULL LOAD FEkFok

2
% . a8lfiTrrm
3 2 g eyl Eree——
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[£13

PORER (ki)

H

SPECIFIC FIEL
CONSUMPTION ¢g/ki)
4

PIGURE B11

[ p1ESEL
e TOPS LIGHT IESEL

ety
—m—
g 480

kL)
/:.5
e 1

[ e
| ————————y

200 L —i . .
1280 1408 iS00 1060 200p 2208  24eR
ENG:

INE SPEED (e/min)

Full load pover, torque and spectflc fuel
consurption (Deutz FSL 413F, standard
injactien timing and using TLD}
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——— nrESEL
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&
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2
L]

500 b s

OOFRST TEMPERRTURE (*C)

408 L . -
282 4o 1692 |80 20@0 2280 2404
ENGINE SFEED (r/min}

FIGURE E12 Pull load injection punp delivery, exhaust
smoke and exhaust temperature (Deutz FL 4.3%,

standard fnjection timing aod using TLD)
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INJECTION PUHP
BELIVERY (ub/stroked
3

8

708

(213

memr— BIESEL
=~ TOPS LIGHT OIFSEL

560 o’

EXRIST TEMPERATURE (*C}

420
1280

FIGURE B12

1488 (62 198 2090 220m 2408
NGINE SPEED (r/min}

Full lead injection pump delivery, exhaust
smoke and exhaust temperature (Deutz F6L A13F,
standard fnjection tining and using TLD)
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Full load performance data {Deutz FEL 413F

TABLE E11

standard injection timing and using diesel)

P 658
: 957 |

TESE MIHBER:
CILINDERS: 6

502
EMGINER DRUTE FRL 413F

RIS

4 ~stroke
&

X
Bl

S

0% 95
eRSS) 45

6

sty
HEAT UAL

FUEL:DISSEL

ATHOSPIERIC PUESSURE: 68,88 KPa

FOLL UOAD PREFORHRANCE DATA

CORMENTS: PERFORABNCE DOTA CURRECTED 10 GAGS 013, 1382, FART IT (RLTITUOE)

TEST CORDITIONS

Ih | alsste |

IEREREREE

‘c

e e

t/uin |G

]
FEREEREE

PERFORNUCE RESOLYS

0
i

1. (EXAIST SAKET

TR0 ] GEFT IRIGHY |

T
S0 1 e |

HERSIRED [ Copie
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