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Abstract— This paper reports on the Waste transformer
oil fuel is blended with diesdl fuel in different percentage
and the effects of their operational characteristics and
performance and emission characteristics of the DI diesel
engine. In this study, the tested fuels were obtained
through catalytic cracking process. Experimental results
showed that the flash points and cetane number of the
WTO blended diesel have increased with higher
concentration of WTO. Based on the experimental results,
HC, CO and NOx emissions noticeably decrease, while
smoke emissions dramatically increase with increasing
the dosing level of WTO. At the full load, the magnitude
of HC, CO and NOx emissions for the neat diesel was 120
ppm, 0.36 (%by volume) and 1130ppm, whereas it was
68 ppm, 0.17 (%by volume) and 410ppm for the WTO20
fuel, respectively. The results also showed a significant
enhancement in brake thermal efficiency and heat release
rate due to the influence of the WTO20 in diesel blend.
Keywords— Waste transformer oil (WTO), catalytic
cracking, Performance, Emissions.

I.  INTRODUCTION
The energy available in waste products can be ised
better way, which are being discharged. By doingnsd
only the fuel costs 80% of waste products depending
upon feedstock costs, considering the fact, can be
disposed effectively but also can be used to redoee
overall fuel costs. In this regard, many researghieave
focused on raw materials for alternative fuelshswaste
lubricating oil, plastic oil, tire pyrolysis oil, aste
cooking oil, waste cashew nut shell liquid, linsest
municipal waste and olive mill As waste is focusedthe
use of various waste sources, production and use in
diesel engine. In addition, it recently by somesegshers
as a source of fuel in a diesel engine in the Wliged
transformer oil) is also noteworthy to point outeth
effective use [1]. Mainly additional functions inldition
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to cooling the transformer, for insulating purpoddked
power transformers - during a period of time, peum-
based mineral oil has been used in liquid. Several
transformers are located in populated areas anpipsigp
centers, and long-term use of transformer oil irel@ctric
transformer for insulating purposes makes it inbla its
Physio-chemical characteristics which are due some
changes. Serious spills occur; it can contamintaesbil
and waterways, because so, after being used uperpow
stations and transformers located throughout thatcy
with a large number of fast disposals of WTO are
becoming increasingly complex. Therefore, goverrtmen
regulatory agents are already looking into thisbpgm
and are imposing penalties for spills. Interestinghe
electrical insulating oil used in transformers @mplex
blends of hydrocarbons over 3000 and essentiatjiali
aliphatic, Naphthenic Paraffinic crude or are blett
WTO and effectively, researchers have a viable
alternative fuel for diesel engine applications énéregun

to see it as an attempt to dispose of the wastéuptdn
view of the fuel characteristics [2-4]. The exteftfossil
fuel reserves and the huge rise in fuel prices ipless
alternative fuels for internal combustion enginess h
resulted in a continuous search. They are widedy der
many applications as the compression ignition eangin
(CI) to find suitable alternative fuels is very sf@. For
over 100 years, the petroleum-based mineral oilbiesen
used in liquid-filled electric transformers. Power
electrical transformer small, medium and large powe
transformers of power stations and distributiorticies
have been established that are important tools st
transmission and distribution of electrical energiysio-
chemical stress induced by the operating conditiotihe
transformer oil is flexible to the extent of comeoi
materials, depending on the saturation or stabiliigh
stability over time is minimal sludge formation. @iong
function and the heat transfer efficiency are hih
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compositional purity higher [5]. Transformer oildaeise
of the loading and climatic conditions continued to
decline and fall of the power and suffers from @ycl
thermal stress. The electrical transformer life may
affected & its performance can be decreased. Thelac
service life of the widely manufacturer, desigrseambly,
quality, materials used, maintenance, and dependimg
the operating conditions, expected life of a transkr is
about 40 years. Is disposed of annually in the \\SE@t
data volume is quite difficult to estimate, but arstalled
transformers and transformer oils old days mora tha
number of days to be scrapped. Therefore, a canisu
monitoring of transformer oil characteristics arakérds
of oil is necessary to avoid deterioration. Deprgdon
the use of transformer oil, preventive maintenarmse
carried out. For this purpose, various chemicay;sptal
and electrical properties of transformer oil by tbi¢
sample test are determined. Furthermore, biodeplkada
transformer oil is bad. Serious spills occur, itulcb
contaminate our soil and waterways. Government
regulatory agents are already looking into thisbpgm
and are imposing penalties for spills. Many transfers
are located in populated areas and shopping centers
Effective use of open land in the WTO, but dispobé&
can reduce environmental problems. After a proper
treatment, the WTO can be used as an alternateleirfu
Cl engine.

Il. DEGRADATION OF WTO
The transformer oil will deteriorate rapidly at hig
temperatures and moisture acts as a catalystsfaging.
There are also other substances and metals priesent
transformer that are responsible for oil degradatithese
include copper, paint, varnish and oxygen. Theqpid
mechanism of transformer oil aging is oxidation,ickh
results in acids and other polar compounds beingédd.
When a transformer is subjected to thermal andr&at
stresses in an oxidizing atmosphere, it gradualbe$ its
stability and becomes decomposed and oxidized, its
acidity increases, and finally, it begins to proglunud.
This is the degradation mechanism of the oil [68Y.
looking at the color of Transformer oil can be disted.
There is no direct interrelationship between a gkaim
the colour of the oil and a specific problem wittilre
equipment, it happens to normally occur over long
periods of time. A visual test should be performed,
following ASTM D 1524-84.
A. Filtering of waster transformer oil
Figure 1 shows the schematic of the steps invoiwetie
disposal of the WTO from transformer oil. Once tifie
of the oil was determined, the transformer oil was
removed from the transformers and sent for settling
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Fig. 1 Dispose of the waste transformer oil
Now the disposed transformer oil has been classiig
WTO, afterwards two processes are involved in
processing the oil (1) settling and (2) filtering.
(1) SETTLING: Unfamiliar particles and sediments of the
WTO settle at the bottom of the oil tank. The sl
works happens better in warm conditions and over a
number of days or weeks. The settled WTO was dhgge
from the oil tank.
(2) ALTERING: Fine filters may be required depending on
the application. For this study, the WTO was fékmwith
the help of a fabric filter of size 30 microns.
B. Waste transformer fuel produced by catalytic
cracking process
This method is able to crack complex hydrocarbiona
less complex structure. With the help of a catals¢
reaction is conducted at low temperature and presso
that in the quality and quantity of the productésy near
to that of diesel, which is far more superior t@ thil
produced by transesterification process. In Catalyt
cracking process, a batch reactor is filled waste
transformer oil, which has a highly bonded chemical
structure along with 50gms of Zeolite catalyst liter of
oil. When heat is applied a fast response chemical
process occurs, in the process complex structuyeolen
down in the reactor to a simple structure produdow
density and low viscosity biodiesel. Biodiesel giel
begins at a temperature of 280° C and continuesoup
315° C with some ten percent of the remaining resiah
the reactor [10-12]. Catalytic cracking fuel plaansists
of a batch reactor with oil inlet to pour wastensformer
oil mixed with Zeolite catalyst, a pressure gauge t
indicate pressure in the reactor, drain hole toonam
residue and safety valve to safeguard reactor. ht t
bottom of the reactor heat is supplied by using ga
burners. The temperature indicator is to displag th
temperature inside the reactor. Smoke, passesghrite
piping condenser and finally smoke produced isectdd
in the beaker is condensed into liquid fuel, calledste
transformer oil (WTO) fuel.
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Fig. 2 Schematic diagram of catalytic cracking biodiesel
plant

Table 1 Chemical composition of the WTF and diesel

Description Diesel WTF
C (%) 86.2 89.96
H (%) 13.2 9.19
N (%) 0.18 0.03
C. Properties of WTO fuel

In testing any alternate fuel in a diesel enginetaited
analysis of its physical and thermal properties is
compulsory, and therefore, in this study, WTO fugls
investigated for its fuel properties. In this serighe
physical and thermal properties of WTO fuel, such a
specific gravity, density, flash point, gross cilorvalue
and cetane number were estimated by ASTM standard
methods and compared to that of diesel, as shown in
Table 2.

Table 2 Properties of WTO fuel and diesel

WTO

Properties Diesel fuel
Specific gravity@ 15/15C 0.835 0.8473

(gm/cc)

Kinematic Viscosity @ 4TC (cst) | 2.57 11.06

Flash Point{C) 75 144

Fire Point {C) 48 70

Pour Point {C) -14 -15

Gross calorific value (kJ/kg) 44,633 42,782

Cetane index 50 52.7
Density @ 18C (gm/cc) 0.834 0.8465
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[l EXPERIMENTAL SETUPAND

PROCEDURE

The experiment was conducted on Kirloskar TV-1 king

cylinder direct injection (DI) diesel engine. Tabi

tabulates the specification of the engine whilevehthe

schematic of the overall arrangement of the teginen
Table 3 Specifications of test engine

Type Single cylinder, vertical, water
Cooled, 4-stroke diesel engine
Bore 87.5 mm
Stroke 110 mm
Compression Ratig 17.5:1
Orifice Diameter 20 mm
Dynamometer arm 195 mm
length
Maximum Power 5.2 kW (7hp)
Speed 1500 rpm
Loading Device Eddy current dynamometer
Mode of starting Manually cranking
Injection Pressure 220 kgf/ém
Injection timing 23°C before TDC

The engine was coupled to an eddy current dynanemet
for load measurement and the smoke density was
measured using AVL smoke meter. N@®mission was
measured using AVL Di-gas analyzer. An AVL
combustion analyzer was used to measure the coimmbust
characteristics of the engine. The experiments were
carried out in different phases.

Fuel flow rate is obtained on the gravimetric basid the
airflow rate is obtained on the volumetric basi,Ns
obtained using an exhaust gas analyzer. AVL smoke
meter is used to measure the smoke density. AVhd3i
analyzer is used to measure the rest of the patsita
AVL combustion analyzer is used to measure the
combustion characteristics of the engine. A burédte
used to measure the fuel consumption for a spédiiiiee
interval and the time is measured with the helpaof
stopwatch for a specified time interval and theetim
measured with the help of a stop watch. The expariad
setup is indicated in figure 4. Specification of VL Di

gas analyzer is shown in Table 5. SpecificatiorAUL
smoke meter is shown in Table 6.

Table 4 Specifications of AVL Di gas analyzer

Make AVL
Type AVL Di Gas 444
Power Supply 11...22 volages 25 W

Warm up time =7 min

Connector gas in| =180 I/h, max.overpressure 450
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hPa
Response time k< 15s
Operating 5..45°C
temperature
Storage 0..50°C
temperature
Relative humidity < 95%, non-condensing
Inclination 0...900
Dimension (w x d 270 x 320 x 85 mfh
x h)
Weight 4.5 kg net we|ght without
accessories
RS 232 C, Pick up, oil
Interfaces
temperature probe

Table 5 Specifications of the AVL smoke meter
Make AVL 437 Smoke meter

Type IP 52
Accuracy and

reproducibility

+ 1 % full scale reading

0 to 100 opacity in %
0 to 99.99 absorption T
Effective length 0.430 m

+ 0.005m
220 V approximately 20
min.

Halogen bulb 12 V/5W

Measuring range

Measurement chambelr

Heating time

Light source

Maximum smoke

250°C
temperature

190 - 240 V AC, 50 Hz,
25A
570mmX 500mm X
1250mm

Power supply

Dimensions

V. RESULTS AND DISCUSSION
The results of the experimental investigation eafrout
have been furnished hereunder.
4.1 Brake Thermal Efficiency
Fig. 4 shows the variations of BTE with brake povar
diesel fuel with WTF blends. The brake thermal
efficiency of WTO 20% with Zeolite catalyst is ieased
when compared to that of conventional fuel. Thesoea
may be the lower viscosity of the blend that leaols
better atomization in the injector. WTO 20% (20% of
WTF with 80% of diesel fuel) has shown better resul
than other blends since it has lower viscosity when
compared to others. The BTE of blend WTO 20% with
Zeolite catalyst shows an increase of 1.31% when
compared to that of conventional fuel at full load.
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Fig. 4 Brake thermal efficiency against brake power

5.2 Specific fuel consumption

Fig. 5 shows the variations of specific fuel conption
with brake power for diesel fuel with WTO blendss A
brake power increases, specific fuel consumption
decreases. The SFC of the WTO 20% with Zeolite
catalyst has shown lesser fuel consumption when
compared to that of standard diesel fuel and dilends.
This is due to, in maximum load the cylinder wall
temperature increases, which results to reducgttigon
delay period and improves combustion and decrehses
fuel consumption.
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Fig. 5 Secific fuel consumption against brake power

5.3 Oxides of Nitrogen

Fig. 6 shows the variations of Oxides of Nitrogeithw
brake power for diesel fuel with WTO blends. Frame t
graph it is clear that the N@mission of the WTF 20%
with Zeolite catalyst is decreased when comparetthdb
conventional fuel. The reason is the reduced cotidyus
temperature that prevails inside the combustionmitea

due to the higher heating value of the WTF blefdse
blend WTF 20% with Zeolite has shows an decrease of
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NO, emission 59.57% when compared to that of

conventional fuel at full load.
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Fig. 6 Oxides of nitrogen against brake power

5.4 Smoke density

Fig. 7 shows the variations of smoke density withkk
power for diesel fuel with WTF blends. From thepjrat

is clear that the smoke density of WTO 20% with [Zeo

is increased when compared to that of diesel flké
reason for this trend may be the higher viscositWa F
20% which leads to poor combustion. The blend WTF
20% with Zeolite shows increase in smoke densitgmwh
compared to that of conventional fuel. It has shown
increase of 7.55% when compared to that of conwrati

fuel.
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Fig. 7 Smoke density against brake power

20

5.5 Carbon monoxide

Fig. 8 shows the variations of Carbon monoxide with
brake power for diesel fuel with WTF blends. Frome t
graph it is clear that the CO emission is decrdas¢he
blend WTF 20% with Zeolite catalyst when compared t
all other blends. It has shown a decrease of 50.02%
lower WTO concentration, the oxygen present in WTO
blend aids for complete combustion. Hence the reaso
that the addition oxygen content available in th&QV
facilitates the conversion of CO to @O
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Fig. 8 Carbon monoxide against brake power
5.6 Hydrocarbon
Fig. 9 shows the variations of Hydrocarbon with Kera
power for diesel fuel with WTF blends. As the load
increases there is appreciable increase in HC emissf
diesel fuel. From the graph it is clear that the HC
emission of the blend WTO20 with Zeolite catalyst i
decreased when compare to all WTF blends. It haash
decrease of 39.49%. This is due to, WTO20 has the
required amount of oxygen which results good

combustion condition.
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Fig. 9 Hydrocarbon against brake power
V. CONCLUSION

The main conclusions of this study are;

1. The physical properties of WTO fuel, such as
viscosity, density, specific gravity, calorific v,
flash point, fire point are similar to that of dis
fuel.

2. Using of WTF fuel in diesel engine causes
improvement in engine emission characteristics as
well as engine’s performance.

3. 20% WTO fuel blend shows significant reduction in
CO, HC and NQ emission when compared to that
of diesel fuel.

The smoke emission for 20% WTF with Zeolite cathlys

is increased when compared to that of diesel flrel.

future in order to reduce the smoke emission, addit
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can be employed to attain the desired result.
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