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ABSTRACT

This research was conducted with the aim of developing a burner model BGO -30A for
warming poultry farms using a mixture of used engine oil (UEQO) with each of diesel and gasoline. This
is to preserve the environment from pollution to reuse a cheap costly waste with no price for warming
poultry farms, which reduces the cost of warming. A modified burner covers an area ranging from 30 to
50 m?, suitable for as using the mixture containing (UEO) and diesel or gasoline. The following factors
were studied three levels of mixing ratios between the (UEO) with each of diesel and gasoline [(Ratio of
the diesel/ (UEO) (62%/ 38%, 66%/ 34% and 70%/ 30%) (Ratio of gasoline/ (UEO) (40%/ 60%, 45%/
55% and 50%/ 50%)], three levels of filtering (without filter, one filter, and two filters) and three levels
of feeding rate (2.0, 2.5 and 3.0 L/h). The best results of experiment were at mixing ratio of gasoline /
(UEO) (50%/ 50%)), filtration degree of two filters and feeding rate of 2.5 L/h.

Keywords: heating, used engine oil, combustion efficiency.

INTRODUCTION

Used oil cannot be used for Road Oiling, Weed
Control, or to Keep Dust Down. You should be very
careful not to put some amount of used oil on the ground,
since this can contaminate soil, groundwater, and surface
water both on your property and on neighboring properties.

Once this kind of contamination occurs, it can be
very difficult and expensive to clean up, and can reduce the
value of your property; used oil rules allow a generator to
burn used oil in an on-site oil-fired space heater. The
manufacturers of certain types of diesel-powered vehicles
recommend that you can add used oil to your diesel fuel. If
you have vehicles of this type, you may mix your used oil
with the diesel fuel per the manufacturer’s instructions, and
the resulting mixture would no longer have to be managed
as used oil. During combustion and chemical processing,
the physical properties of engine oil must not change as
much as possible. However, due to mechanical movement,
a high temperature, and particulate matter, engine oil
gradually loses its properties, and engine oil therefore
needs to be replaced in a determined period. Thus, waste
oil is formed. Today, with the awareness of environmental
hazards, many developed and developing countries have
been legitimized with the idea of collecting waste mineral
oil, which started with economic reasons in advance
(Tamunaidu et al. (1998)). Studied that no under
department of environmental protection (DEP) rules, used
oil cannot be used for any of these purposes. It can also
lead to your becoming the subject of a DEP enforcement
action, which could include a substantial monetary penalty,
found that also the manufacturers of certain diesel engines
recommend that you add used oil to your diesel fuel. If you
have a diesel engine of this type, you may mix your used
oil with virgin diesel fuel according to the manufacturer’s
instructions. However, up until the point that the used oil is
actually mixed with the diesel fuel, it must be handled
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exactly the same as any other used oil. Please note that this
exemption applies only to your used oil and only if it is
used in your own diesel engines. You may not accept used
oil from someone else to put into your diesel fuel. You
may also not offer your used oil to others to add to their
diesel fuel and found that also Used Oil Burned for Energy
Recovery or Used Oil Fuell means used oil with heating
value of more than 5,000 Btu/llb (Rocque and
Commissioner (1999)). All studies indicate that high
temperatures reduce the efficiency of utilizing feed energy
for productive purposes. Layers not only eat less at high
temperature, but also produce less per unit of intake,
especially at temperatures above 30°C. The single or
combined dietary supplementation with vitamin C and
vitamin E of laying chickens exposed to heat stress
significantly improved production performances of feed
consumption, conversion and egg/bird/day.
Supplementation, of vitamin E alone into diets
appeared to be more beneficial for laying hens during heat
stress, probably, due to its concurrent function as fertility
factor (Sahin et al. 2002). There is no obstacle to the use of
waste oil as fuel when environmental restrictions are
adhered to. Depending on the conditions of use, waste
engine oils contain metals and derivatives and some ash.
Such materials can be removed from waste oil by various
filtration methods. However, for the use of waste oils as
direct fuel, only the application of the filtration process
may not be sufficient. Depending on the use of waste oil as
fuel, some of the physical properties of the oil should be
made compatible with the system to be used. While work
on the use of waste oil as a direct fuel is ongoing, it is also
possible to mix it with existing fuels (Audibert (2006)).
Waste engine oils can produce olefin-rich oils at
elevated temperatures and that these oils can be obtained
with gasoline-like fuel with 96 octane number of prolyl in
the presence of an aluminum catalyst [Demirbas (2008)].
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By mixing pyrolysis of used engine oil with filtered
wood waste ash, alternative gasoline or diesel fuel can be
obtained [Balat et al. (2009)]. The recycling of waste oils
emerged in order to save raw materials. New sources for
the supply of petroleum-based oils to the market were
introduced, and the acquisition of competitive value, that
is, energy saving, was promoted by considering energy
saving [Arpa et al. (2010)]. The disposal of waste mineral
as oils is an important question, just like the disposal of
vegetable oils (Lam et al. (2010)). Aburas et al. (2015).

Describe the use of pyrolysis and cracking methods
to convert waste engine oils to reusable products such as
gasoline, diesel, and fuel oil. In the study conducted,
calcium oxide was used as an additive in various
proportions. Note that zeolite can be reformed in the
presence of a catalyst to convert waste engine oils into a
fuel that is suitable for diesel engines. For this, the physical
and thermal properties of the oil obtained after reforming
are compared with those of diesel fuel. The resulting oil is
said to be usable in diesel engines (Kannan and Saravanan
(2015)). In their study, Prabakaran and Zachariah (2016).

Examined the physical and thermal properties of
waste engine oil reformed in acetic acid and clay
compartments by diesel fuel at various ratios. The resulting
mixture was tested in a fuel diesel engine and was reported
to reduce specific fuel consumption (sfc), nitrogen oxide
(NOx), and hydrocarbon (HC) emissions. Zandi-Atashbar
et al. (2017). Studied the catalytic conversion of waste
engine oil to diesel engines in the presence of the nano-
Ce02/SiO2 catalyst synthesized by different analytical
methods and examined the physical and thermal properties
of the fuel. Bilent Ozdalyan and Recep (2018) found that
the availability of waste mineral oils as a direct fuel in
diesel engines was investigated firstly, and then the degree
of improvement with organic-based Mn additive material
was investigated experimentally using a diesel engine with
a power of 6.4 kW. Characteristic measurements were
made for a constant speed (3000 rpm) and a variable load
(750 W-4.5 kW) with an alternator rated at 5 kW. The
kinematic viscosity of the waste oil used was too high
compared to standard diesel fuel. High kinematic viscosity
caused poor atomization of the fuel, poor combustion,
clogging of the injectors, and carbon buildup in the
segments. High viscosity required a high pumping pressure
and injector spraying was reduced. Experiments confirmed
this information. For stable working temperature, the oil
temperature was used as a reference. The engine used in
the experiments was air-cooled and the cooling load was
constant for constant engine speed. For this reason, stable
working temperature was a clear indication of engine heat
loss. The use of oil produced from waste tire as fuel, and
the production of synthetic diesel fuel from renewable
sources are at least as popular research topics as biodiesel (
Trongkaew et al. (2011), Rowhani (2016), Rosa (2017),
Hamilton et al. (2018) and Samavati et al. (2018). Waste
mineral oils are generally divided into two groups: waste
mineral engine (or automotive) oil and waste mineral
industrial oil. Waste metal engine oils are considered
different from industrial waste oils due to the usage
conditions. Waste mineral engine oils operate under more
severe conditions such as high temperature, high pressure,
and combustion. Waste engine oils are called black waste

oil due to their color. Waste oils used in machines that are
not combustible are called clean waste oil (Petder (2018)).

A large part of these waste engine oils is petroleum-
based products, and approximately 1.2% of annual
petroleum consumption is composed of engine oil. The
heat values of waste mineral oils are equal to the heat value
of the fuel oil (42-44 MJ/kg) (Prochazka et al. (2018)).
The objectives of this study are (Using of used engine oil
in warming poultry farms by using a mixture of used
engine oil with diesel or gasoline instead of diesel, for two
purposes. The first is to preserve the environment from
pollution and the second is to reduce the cost of poultry
farms warming.

MATERIALS AND METHODS

THEORETICAL CONSIDERATIONS

This part includes the necessary calculations to
figure out the amount of air (m%h) that, confirms complete
ignition of mixture of used engine oil (UEO) with each of
diesel and gasoline fuel and push heat as exhaust values are
recommended, then it easy to adjust the fan capacity by
accelerating the air which gives the appropriate amount.
Theoretical oxygen (O2) amount:

Regard on of to data presented in table (1) shown
that the diesel fuel consists (by mass) of 86.3% Carbon and
12.8% Hydrogen and 0.9% Sulphur; the gasoline consists
of 84% carbon and 16% hydrogen and (UEO) consists (by
mass) of 88% Carbon and 11.6% Hydrogen and 0.4%
Sulphur. The diesel fuel formula is C72sHis; the gasoline
formula is C7His. The ambient air consists (by mass) of
76% nitrogen gas (N2), 23% oxygen gas (O,) and 1% rare
gases. The heating value of diesel 45575 (kJ/kg), gasoline
46536 (kJ/kg) and (UEO) 42210 (kJ/kg). Also, molecular
weight, the number of moles and amount of oxygen
required to burn one kg of diesel fuel are illustrated in
tables (2 & 3) and chemical synthesis of (UEO) in table

4).

To perform the calculations according to burning
one kg of mixture of (UEQO) with diesel or gasoline fuel per
unit mass and net volume a simple relation was conducted
by multiplying mass of constant kg/kg (UEO) (table -1) in
Oxygen ratio per kg (table-3). Then the amount of Oxygen
to burn one kg of diesel, gasoline and (UEQ) is 3.334,
3.519 and 3.278 kg respectively.

Table 1. Diesel, gasoline and (UEO) fuel and set

specifications  for  components  ratios
(Gamaly, 1981 in Arabic).
Compositions by mass Rang of
Fuel %C %H %S heatls\?/l\églues,
Diesel (C7.25H13) 86..3 12.8 0.9 42612 -45575
Gasoline (C7H16) 84 16 - 43448 - 46536
(UEO) 88 116 0.4 39466 - 42210

Table 2. The molecular weight and the number of
moles (Gamaly, 1981 in Arabic)

Substance Atom_ Molecule
Symbol Atomic mass Symbol Molecular mass
Carbon C 12 C B
Hydrogen H 1 Ho 2
Sulphur S 32 S 3
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Table 3. The amount of oxygen required to burn one kg
fuel (Gamaly, 1981 in Arabic)

Substance Oxygen redin (kg)  Oxygen red in (m°)

Carbon (C) 2.666 1

Hydrogen (H2) 8 1/2

Sulphur (S) 1 1

Table 4. Chemical synthesis of (UEO) (Bentaher, 2019
in Arabic).

Chemical synthesis %

Fe203 0.43

CaO 159

SO3 37.0

P20s 8.95

ZnO 17.7

Cl 159

Another 412

Regarding to air density is 1.204 kg/m3, density of
diesel is 870 kg/m3, density of gasoline is 760 kg/m3 and
density of (UEO) is 890 kg/m3, then the size of one kilogram
of diesel fuel is 1.149 L, one kilogram of gasoline fuel is
1.315 L and one kilogram of (UEQ) is 1.123 L, so the
theoretical amount of air required to burn one kilogram of
diesel is 11.93 m3, one kilogram of gasoline is 12.71 m3 and
one kilogram of (UEO) is 11.84 m3.

Usually diesel, gasoline and (UEO) fuel needs
amount of combustion air more than the theoretical quantity
necessary for combustion to ensure that all mixing fuel with
oxygen molecules and a full ignition. The amount of surplus
air may range from 30% to 70% in some applications, and by
controlling the amount of air down to the required quantity,
and high degree of precision, control good operational
conditions as there are many indicators that help get the
process done (temperature, combustion efficiency,
combustion exhausts, etc.), and practically in modern designs
25% excess air to fuel gas, 40% excess air for fuel oil is used
(Gamaly, 1981 in Arabic). The actual amount of air required
to burn one kilogram of diesel fuel is: -

So, the actual amount of air required burning one
kilogram of diesel, gasoline and (UEO) fuel is 16.70, 17.81
and 16.58 m3/ kg respectively). Then, the actual amount of
air required burning one kilogram of mixing ratios of diesel/
(UEO) [Md1 (62%/ 38%) = 16.654, Md2 (66%/ 34%) =
16.659 and Md3 (70%/ 30%) = 16.664 m3/ kg] and ratios of
gasoline/ (UEO) [Mgl (40%/ 60%) = 17.072, Mg2 (45%/
55%) = 17.133 and Mg3 (50%/ 50%)= 17.195 m3/ kg].

601 Feed rate, Kg/h
50
40
30

Rz 3/ h
10

Adir required, m®

10

1 2 3
The mix discharge rate, Kg

Fig. 1. The quantity of air required for the disposal of
different rates mixture of (UEO) each of diesel
and gasoline to determine the air pump speed

The air pump of burner gives 720 m% h under
rotational speed of a three-blade fan 2700 rev/min to burn
3 kg/h diesel fuel (about 50 m3% h). If used mixture of
gasoline/ (UEO) fuel (Mg) in burner well be require about
51.6 m¥ h to burn 3 kg/ h Mg fuel, then the air pump of
burner must be gives 743.04 m¥ h and rotational speed of
2787 revimin. According to steady fan speed at 2700
rev/min, then the fan must be developed from a three-blade
fan to a five-blade fan to increase the amount of air to burn
the mixture of gasoline/ (UEO) fuel (Mg).

The experiments were carried out at Refaay village-
El-Gamalia region, Dakhlia Government during the winter
season 2019-2020. The burner used in the experiment is a
30 kW warming burner, which works on regular electricity
2 won, and has a fuel tank of 30 liters, and the
consumption rate reaches 3 L/h, with coverage areas start
from 30 to 50 m2 for poultry farms, the burner is equipped
with a pump or dual-purpose fuel pump to withdraw fuel
from the fuel tank and pump it to the combustion chamber.

The burner is characterized by light weight and
small size, which makes it easier for the breeder to move
and clean it. The burner before modification parts as shown
in table 5 and Fig. (2).

My 987 68 5

Fig. 2. Burner components for poultry farms that work

with diesel before modification

1-Pressure regulator, 2- The body heater: the surface temperature is
low when the heater is working, 3-At the air outlet; the temperature is
about 200 oc. It is so quick to warm the air, 4- Fuel tank, 5-Rubber
wheel for moving, 6-Tank level display, 7-Fuel tank cap, 8-Electric
temperature window, 9-Temperature switch, 10-Power switch, 11-
Power line with 1.5 m, 12- Temperature sensor and 13- a three-blade
fan.

Table 5. Burner specifications before modification.

1 Model BGO-30A

2 Output 30 kW

3 Electrical input 220-240V- 50Hz 340W
4 Fuel consumption(L/h) 3.0

5 Fuel Diesel

6 filters Without

7 Fan three-blade fan

The burner operating:

The warming burner starts operating by connecting
it to an electrical source, and then the sensor that gives the
burner the temperature surrounding it begins, so if the
temperature The ambient is less than the temperature
required to reach it, then the electric circuit is closed of
signal is given to the lighter to make an electric spark, after
that a small period of time the electric motor works to
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manage the fan installed on a column to suck the air and
push it into the room only A flame in conjunction with the
work of a dual-purpose pump that sucks fuel from the fuel
tank through a hose and pushes it into the ignition chamber
by means of a technician or a sprinkler, so the ignition
takes place, and therefore the air from the fan is heated to
the ignition chamber and from there to the place to be
heated and the burner continues to operate until it reaches a
degree The temperature to be required, at which time the
temperature sensor gives a signal to the thermostat that the
temperature has reached the required temperature, at which
time the electrical circuit opens and the burner stops
working. As shown in fig. (3).

8 g 10 111

Fig .3. Heat paths in the burner

1- Pressure regulator, 2- The body heater: the surface temperature is
low when the heater is working, 3- At the air outlet; the temperature is
about 200 oc. It is so quick to warm the air, 4- Fuel tank, 5- Rubber
wheel for moving, 6-Tank level display, 7- Fuel tank cap, 8- Electric
temperature window, 9- Temperature switch, 10- Power switch, 11-
Power line with 1.5 m, 12- Temperature sensor and 13- A three-blade
fan.

A developed burner for warming poultry houses by
(UEO) for maintaining the necessary temperature in all its
distributing warm of poultry farm stages from the age of a
day until the end of the breeding cycle. A burner was
developed to suit the use of a mixture of (UEQO) with diesel
or gasoline, with the use of a set of filters and a locker to
control the feed rate of the burner. On the other hand, the
fan installed on the electric motor (0.5 hp) shaft was
developed from a three-blade fan to a five-blade fan in
order to increase the amount of air driven into the
combustion chamber. The specification developed burner
shown in Table 6 and Fig. (4).

Table 6. Burner specifications after modification.

1 Model BGO-30A

2 Output 30 kW

3 Electrical input 220-240V- 50Hz 340W

4 Fuel consumption(L/h) 3.0

5 Fuel Mixture of (UEO), gasoline or diesel
6 filters Two filters

7 Fan a five-blade fan

@™
[N)
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©
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Fig .4. The burner model BGO- 30 A after modification
1-Pressure regulator, 2- The body heater: the surface temperature is
low when the heater is working, 3- At the air outlet, 4- Fuel tank, 5-
Rubber wheel for moving, 6-Tank level display, 7-Fuel tank cap, 8-
Electric temperature window, 9-Temperature switch, 10-Power
switch, 11-Power line with 1.5 m and 12- Temperature sensor, 13-
Two filters, 14- locker, 15- a mixture of used motor oil, gasoline or
diesel, 16- proboscis have inch, 17- vessel of mixture of used motor oil,
gasoline or diesel and 18- a five -blade fan.

Test factors:

The following factors were investigated to evaluate the

performance of the developed burner:

1- Mixing ratios (M): (ratios of gasoline/ (UEO) and
ratios of diesel/ (UEQ) in) three levels of gasoline/
(UEO) (1 40%/ 60%, 45%/ 55% and 50%/ 50%)named
Mg, Mg and Mgs respectively) and three levels of
diesel/ (UEO) (62%/ 38%, 66%/ 34% and 70%/ 30%)
named Mgz, Mgz and Mgs respectively),

2- Filtration degrees (F): three levels were (Without filter,
One filter and Two filters) named Fi, F; and F3
respectively)

3- Feeding rates (R): three levels were (2.0, 2.5 and 3.0
L/h) named R1, Rz and R respectively).

Measurements:

1- Temperature (T), °C: A three mercury thermometers
were used to measure the temperature at each
experiment, and at each of the three dimensions that
were determined to take the measurement at centigrade
temperatures.

Td=Ta-Theeereririeieieieiiiieiereiiininenenn (0))

Where: T,4=temperature (°C), in side poultry farm,

T,= temperature before working heater (°C),
Ty= temperature after working heater (°C).

2- Combustion efficiency (nr), %: The Combustion
efficiency was calculated according to (kerschbaumer
et al, 1989):

ne= 100 — Vtherm — Vchem [%]
............................... ()]
Where: n; - Combustion efficiency,

Vinerm = thermal losses of the flue gas, [%0]
Verem= chemical losses of the flue gas, [%6].

Vinerm = [(TA — TU) {1.39+ (122 / (CO2+CO)) + 0.02
ul)/ [(hu / 100) — 0.25 u], [%6] ...... ©)
Vehem = [CO X 11800]/ [(CO2+ CO) ((hu / 100) - 0.25
W], [96] +verneenne. (4)
Where: TA =flue gas temperature [°C],
TU = ambient temperature [°C]

CO2, CO, O2= concentrations in [vol. %]
u = fuel humidity, [%] hu = heating value of the mixture
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If O2 is measured in splte of CO2, CO2 is
calculated as follows:
C0O2=0.98 (21-02)-0.61 CO [vol. %]....... 5)
3- Combustion exhausts (Ce), %: It was measured
according to (Nepal , 2006):
Ce,% =[(Cm—C)/Cm] X100 ...cc0ruverruen 6)

Where: C.,: manually packing mounting fumes, mg/m?
C: mechanically packing mounting fumes, mg/m®

The manually packing mounting fume was
estimated the personal fume sampler and it was about 20
mg/m?.
4- Economic costs (Ec), L.E/h: The operating cost was

determined using the following formula:

Economic costs (Ec), L.E/h= (Fr Q PF) + (Fr UPO)... (7)

Where: F,: the mixture consumption rate per hour, L/h.
Q: the percentage of fuel (gasoline or diesel) of the mixture, %.
Pe: the price of litter (gasoline or diesel), L.E/ L.
U: the percentage of (UEOQ) of the mixture, %.
Po: the price of litter (UEO), L.

Statistical analysis: All obtained data was tabulated and
analyzed in split-split plot design [main treatment (mixing
ratio), sub main treatment (filtration degrees) and sub sub

main treatment (feeding rate)] by Minitab program under
level of probability of 5%.

RESULTS AND DISCUSSION

1- Temperature (T), oC

By increasing mixing ratio of mixing gasoline to
(UEO) from [Mgi= (40%/ 60%) to Mg= (45%/ 55%)] the
temperature increased from 23.0 to 25.3 °C and increasing
mixing ratio of mixing gasoline to (UEO) from [Mg=
(45%/ 55%) to Mg= (50%/ 50%)] the temperature
increased from 25.3 to 28.1 °C. On the other hand
increasing mixing ratio of mixing diesel to (UEO) from
[Ma1= (62%/ 38%) to Mq= (66%/ 34%)] the temperature
increased from 22.4 to 24.2 °C and increasing mixing ratio
of mixing diesel to (UEO) from [Ma= (66%/ 34%) to
Mgs= (70%/ 30%)] the temperature increased from 24.2 to
26.6 °C. All these results were obtained under Filtration
degree (Fi= without filter) with feeding rate of mixing
gasoline or diesel to (UEO) (Ri= 2 L/h) as shown in Figs
(5&6).

36 7 Filtration degree=0 =+—R1=2, 36 1 Feeding rate= 2 L/h
34 el 2= 1.5, 34 -
R2=3 L h
LJ 32 T 32 4 /
- o
g 30 - S_ 30 -
= a
-E 28 4 5 28 - /
& 26 - B 26 |
E a i [F1=
@ 24 E— 24 —m—F2=1
22 4 J e F3= 2
ﬂ 22
20 20 T T ]
0.4 Mixing raﬂﬁq]% gasoline 0.5 Oﬂﬂixing ratigﬁ‘flsgasuline 0.5
Fig.5. The effect of the mixing ratios on the temperature of mixing gasoline to (UEO).
36 . _ ——Ri= 2 36 1 . _ =
Filtration degree=0 4 Feeding rate= 2 L/h —+—F1=0
34 e R2= 2.5, 34 -+ —m—F2=1
o 32 4 R2=2L'h 32 4 ——F3=12
g 30 - & 30 - ’//
= a
& 28 A S 28 A /
B 26 - T 26 -
EZ-‘J - &24 -
= E
22 4 4
ﬁ 22
20 20
a.62 . a.66 . K
Mixing ratio of diesel 0.62 Mixing rgtﬁ}ﬁuf diesel

Fig.6. The effect of the mixing ratios on the temperature of mixing diesel to (UEO).

These results may be due to that increasing mixing
ratio led to an increase in the percentage of gasoline or
diesel in the mixture, i.e. an increase in the heating value of
the mixture, which leads to an increase in temperature.
Statically there are high significant effects for different
treatments with (P < 0.05) for the temperature values.

From ANOVA analysis tables (7a, 7b) shows that
mixing ratios affect temperature more than filtration
degrees and feeding rates. While feeding rates showed be
less effect on temperature than filtration degrees. The
effects of different parameters on temperature may be
summarized as follows (mixing ratio > filtration degrees >
feeding rates).

Table 7a. Regression Analysis: Temperature versus
mixing ratios; filtration degrees; feeding
rates and regression equation of gasoline/
(UEO) mixture.

T,0C =-9.087 + 61.33 Mg +2.4056 F + 3.333 R

Degree of Adj Adj F

Source freedom (SS) (MS) value Probability
Regression 3 323441 107.814 853.06 el
Mixing ratios 1 169.280 169.280 1339.40 Hx
Filtration
degrees 1 104.161 104.161 824.15 **
Feeding rates 1 50.000 50.000 395.62 Hx
Error 23 2907 0.126
Total 26 326.347

S R-sq R-sg(adj) R-sq(pred)
0.355506 99.11% 98.99%  98.76%
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Table 7b. Regression analysis: Temperature versus
mixing ratios; filtration degrees; feeding
rates and regression equation of diesel/
(UEO) mixture.

T,°C=-22.61+62.36 Mg +2.1222 F + 2.744 R

2- Combustion efficiency (1), %6

Increasing mixing ratio of mixing gasoline to
(UEO) from Mg to Mg the combustion efficiency
increased from 60.8 to 69.2 (%) and increasing mixing
ratio of mixing gasoline to (UEO) from Mg, to Mgz the

Source ?fgerggnﬂf égj) (ﬁ/ldsj) vallzu . Probability  combustion efficiency increased from 69.2 to 77.4 (%). On
Regression 3 526.963 75654 512.84 o the other hand increasing mixing ratio of mixing diesel to
Mixingratios 1~ 112.001 112.001 759.22 o (UEO) from Mg to Mg the combustion efficiency
Filtration increased from 58.9 to 66.9 (%) and increasing mixing
1 81.069 81.069 549.54 ** . .. .
lo:Ieg(rfes ‘ 1 33804 33894 22976 - ratio of mixing diesel to (UEO) from Mg, to Mgs= the
E‘;’for'”g rates —na03 —0.14g ' combustion efficiency increased from 66.9 to 73.9 %. All
Total 26 230356 these results were obtained under F; with feeding rate of
S Rsq  Rsq(@dj) R-sq(pred) mixing gasoline or diesel to (UEO) (Ry), as shown in Figs
0.384083 9853%  98.33%  97.93% (7 &8).
a0 5 .. . 90 1 Feeding rate= 2L/h
Filtration degree=10
= R
:E- B0 - :E- BO /
: :
< 70 - ——FR1=2 < 704 ,,.,——"""
c ! c —t—F1=0
2 =8 R2=25, 2 —m—FE1
260 1 R3=32L/h £ 60 - ——F3=2
E E
5 ED L} L} 1 8

0.4 0.5

Mixing raQTﬂ %-f gasoline

Ln
[=]

4 Mixing ragbd'usf gasoline 03

Fig.7. The effect of the mixing ratios on the combustion efficiency of mixing gasoline to (UEO).

90 = ) g0 = ) —— F1= 0
Filtration degree=0 Feeding rate = 2L/h ——F2=1
i ) —i—F3=2
g 80 A £ 80 o
2 &
£ &
- 70
z J0 —— R1= 2, : /
'é === R2= 2.5, 2
2 60 - R3=3L/h E 60 o
E E
S 3
>0 i i ' > 0.62 . 0.66 . 0.7 .
062 0.66 0.7 } . " . )
Mixing ratio of diesel Mixing ratio of diesel

Fig.8. The effect of the mixing ratios on the combustion efficiency of mixing diesel to (UEO).

These results may be due to that increasing mixing
ratio led to an increase in the percentage of gasoline or
diesel in the mixture, i.e. and increase amount of air
required to burn the mixture thus increasing amount of
oxygen led to increasing of heating value of the mixture,
which leads to an increase in combustion efficiency.

Statically there are high significant effects for
different treatments with (P < 0.05) for the combustion
efficiency values. From tables (8a, 8b) ANOVA analysis it
could be concluded that mixing ratios affects combustion
efficiency more than filtration degrees and feeding rates.

While feeding rates showed be less effect on
combustion efficiency than filtration degrees. The effects
of different parameters on combustion efficiency could be
summarized as follows (mixing ratios> filtrating degrees>
feeding rates).

Table 8a. Regression Analysis: Combustion efficiency
versus mixing ratios; filtration degrees;
feeding rates and regression equation of
mixing gasoline to (UEO).

(M), % =-9.07 + 154.00 Mg + 3.350 F + 4544 R

Degree of  Adj Adj F

Source freedom (SS) (MS) wvalue Probability
Regression 3 1362.16 454.05 344.13 w*
Mixing ratios 1 1067.22 1067.22 808.87 wx
Filtration 1 20201 20201 15310  **
degrees
Feeding rates 1 9293 9293 7044 el
Error 23 303 132
Total 26 139251

S R-sqg R-sq(adj) R-sq(pred)
114865 97.82% 97.54%  96.92%
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Table 8b. Regression analysis: Combustion efficiency
versus mixing ratios; filtration degrees;
feeding rates and regression equation of
mixing diesel to (UEO).

(m1), % =-53.38 + 168.06 Ma + 3.528 F + 4.300 R

Degree of  Adj Adj F

3- Combustion exhausts (Ce), %

Increasing mixing ratio of mixing gasoline to
(UEO) from Mg to Mg the combustion exhausts
decreased from 4.9 to 4.1 (%) and increasing mixing ratio
of mixing gasoline to (UEO) from Mg to Mg the
combustion exhausts decreased from 4.1 to 3.0 (%). As

Source Probabili . . g . S .

_ freedom (SS) (MS) value b4 increasing mixing ratio of mixing diesel to (UEO) from
Regression 3 112061 373536 479.08 = ** M1 to Mgz the combustion exhausts decreased from 5.5 to
M;:;g:%;at'os ) 813.39 813.391043.22 4.7(%) and increasing mixing ratio of mixing diesel to
degrees 1 22401 22401 28731  ** (UEO) from Mg to Mg the combustion exhausts
Feeding rates 1 8321 8321 106.71 ok decreased from 4.7 to 4.0 (%). All these results were
Error 23 1793 0.780 obtained under filtration degree F1 with feeding rate of
Total 26 1138.54 mixing gasoline or diesel to (UEO) (Ry), as shown in Fig

S R-sqg R-q(adj) R-sg(pred) (9&10).
0.883003 9842% 98.22%  97.84%
79 i = =+—Rl=2, 7 v feeding rate=2 L/h F1=0
. filtration degree=10 £ / =1
T; 5 - =@—=R2= 125, # 6 - —— F3= 2
& R3=3L/h -
2 5 - g 5 -
i o]
] i
v o4 - g 41
2 g ——
E 3 : 37 \
-= =
E 2 - 'E 7
S 8
:I- ] L] 1 1 T T 1
A4 0.4 \ 0.5 . A5 .
Mixing ratio u? gasoline Mixing raﬁu of gasoline
Fig.9. The effect of the mixing ratios on the combustion exhausts of mixing gasoline to (UEO).
7 filtration degree=0 :: ;5 " 7 reedingrate=21/h  ——FF0
=R 15, —m—F2=1
Efr & 1 R3=31/h #£ 67 _
= I ——F3=2
g 5 1 5 5 - \\
—— ]
g =
= 41 2 4 1 —
E In “1"--\‘\-““
2 37 % 3 1
i =
E 2 - -E 7 4
S 8
1 T T 1 1 T T Y
0.62 0.66 0.7
Mixing ratio of diesel 0.62 Mixing rgfﬁj-ﬁufdiesel 0.7

Fig.10. The effect of the mixing ratios on the combustion exhausts of mixing diesel to (UEO).

These results may be due to that increasing mixing
ratio (M) led to an increase in the percentage of gasoline or
diesel in the mixture, i.e. an increase in the clearness of the
mixture with set of filters, which leads to a decrease in
combustion exhausts. Statically there are high significant
effects for different treatments with (P < 0.05) for the
combustion exhausts values. From ANOVA analysis tables
(9a, 9b) show that mixing ratios affects combustion
exhausts more than filtration degrees and feeding rates.

While feeding rates showed be less effect on
combustion exhausts than filtration degrees. The effects of
different parameters on combustion exhausts could be
summarized as follows (mixing ratios> filtrating degrees>
feeding rates).

Table 9a.Regression analysis: Combustion exhausts
versus mixing ratios; filtration degrees;
feeding rates and regression equation of
mixing gasoline to (UEO).

Ce, % =9.554 - 15.889 Mg - 0.5000 F + 0.8000 R

Degree of Adj Adj F

Source freedom  (SS) (MS)  value Probability
Regression 3 18.7406 6.2469 191.81 e
l\/_llixin_g ratios 1 11.3606 11.3606 348.82 o
Filtration
degrees 1 45000 45000 138.17 wx
Feeding rates 1 2.8800 2.8800 88.43 il
Error 23 0.7491  0.0326
Total 26 19.4896

S R-sq R-sq(adj) R-sq(pred)
0.180467 96.16% 95.66% 94.73%
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Table 9b. Regression analysis: Combustion exhausts
versus mixing ratios; filtration degrees;
feeding rates and regression equation of
mixing diesel to (UEO).

Ce, % =13.261 - 15.833 Md - 0.5167 F + 0.9667 R

Degree of  Adj Adj F

4- Economic costs (Ec), L.E/h

By increasing mixing ratio of mixing gasoline to
(UEO) from Mg to Mg= the economic costs increased
from 6.8 to 7.27 (L.E/h) and increasing mixing ratio of
mixing gasoline to (UEO) from Mg, to Mgz the economic
costs increased from 7.27 to 7.75 (L.E/h). While increasing

Source Probabili g . .. .

_ freedom (SS)  (MS) value hd mixing ratio of mixing diesel to (UEO) from Mg to Mg
Regression 8 162300 541000 33035~ ** the economic costs increased from 9.51 to 9.93 (L.E/h) and
l'l/i'l't);g:%;a“os : 72200 7.2200 440.87 increasing mixing ratio of mixing diesel to (UEO) from
degrees 1 48050 4.8050 293.40 ** Mg to Mgs the economic costs increased from 9.93 to
Feeding rates 1 42050 4.2050 256.77 Kk 1035 (LE/h) All thF:‘SE results were obtained Under. Fy Of
Error 23 0.3767 0.01638 mixing gasoline or diesel to (UEO) (R1) as shown in Fig
Total 26 16.6067 (11).

S R-sq R-sq(adj)  R-sq(pred)
0127972 97.73%  97.44% 96.89%
. e 1= 2
filtration degree=10 ’ i =
‘E 17 4 E ;= 25. E” Jfiltration degree=0
T, R3=3L/h by
:-_t a 514 ] .-_._._._.-—'_-_._.
A -.
2 &
11 A == 811 - —t
g B— ) — — T R 2,
2 ’_._.—-—-0-—'—'—'_’ E —a=R215,
IE 8 1 E 8 1 R3=3L/h
5 L} L] 1 5 L} L} 1
AMixing rat%’%?gasuline 05 U'Ezmixing ragéﬁnq diesel 0.7

Fig.11. The effect of the mixing ratios on the economic costs of mixing gasoline or diesel to (UEO).

These results may be due to that increasing mixing
ratio led to an increase in the percentage of gasoline or
diesel in the mixture, as well as an increase in the prices of
gasoline and diesel, which leads to an increase in economic
costs. Statically there are high significant effects for
different treatments with (P < 0.05) for the economic costs
values. Through tables (10a, 10b) ANOVA analysis could
be concluded that feeding rates affects economic costs
more than mixing ratios. While filtration degrees no affect
economic costs. The effects of different parameters on
economic costs could be summarized as follows (feeding
rates> mixing ratios).

Table 10a. Regression analysis: Economic costs,
(L.E/h), versus mixing ratios; filtration
degrees; feeding rates and regression
equation of mixing gasoline to (UEO).

(Ec), L.E/h =-5.317 + 11.833 Mg - 0.0000 F + 3.6333 R

Degree of Adj Adj F -

Source freedom (SS) (MS) value Probability
Regression 3 65.7063 21.9021 3030.67 *x
Mixing ratios 1 6.3013 6.3013 871.93 *x
Filtration 1 00000 00000 000 o
degrees
Feeding rates 1 59.4050 59.4050 8220.08 **
Error 23 0.1662 0.0072
Total 26 65.8725

S R-sq R-sq(adj) R-sq(pred)
0.0850107  99.75% 99.71%  99.62%
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Table 10b. Regression analysis: Economic costs,
(L.E/h), versus mixing ratios; filtration
degrees; feeding rates and regression
equation of mixing diesel to (UEO).

(Ec), L.E/h =-8.625 + 13.083 M4 + 0.0000 F +4.9600 R

Degree of Adj Adj F .

Source fre?edom (SSJ) (Mé) value Probability
Regression 3 115637 38546 6696.00 **
Mixing ratios 1 4930 4930 856.39 *x
Filtration 1 0000 0000 000 o
degrees
Feeding rates 1 110.707 110.707 19231.61 ol
Error 23 0132  0.006
Total 26 115.769

S R-sq R-sq(adj) R-sq(pred)
0.0758717  99.89% 99.87% 99.83%

CONCLUSION

The main results could be summarized as follows:

1- The maximum value of temperature was (36.7 °C) of
mixing gasoline to (UEO) and (34.1 °C) of mixing
diesel to (UEO) at Mgz, a3, F3 and R3, when the lowest
value of temperature was ((23.0 °C) of mixing gasoline
to (UEO) and (22.4 °C) of mixing diesel to (UEO) at
MgL a1, F1and Ry.

2- The maximum value of combustion efficiency was
(87.7 %) of mixing gasoline to (UEO) and (83.5 %) of
mixing diesel to (UEO) at Mgz, 43, F3 and Rs, when the
lowest value of combustion efficiency was (60.8 %) of
mixing gasoline to (UEO) and (58.9 %) of mixing
diesel to (UEO) at Mgy, g1, F1 and R1.
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3- The maximum value of combustion exhausts was (5.7
%) of mixing gasoline to (UEO) and (6.5 %) of mixing
diesel to (UEO) at Mg, a1, F1 and Rs, when the lowest
value of combustion exhausts was (2.2 %) of mixing
gasoline to (UEO) and (3.1 %) of mixing diesel to
(UEO) at Mg:g, a3, Fzand Ry

4- The maximum value of economic costs was (11.62
L.E/h) of mixing gasoline to (UEO) and (15.52 L.E/h)
of mixing diesel to (UEO) at Mg, 43, F3 and Rs, when
the lowest value of economic costs was ((6.8 L.E/h) of
mixing gasoline to (UEO) and (9.51 L.E/h) of mixing
diesel to (UEO) at Mgz, g1, F1 and R1.

5- From this study found that costs of operating a
warming burner model BGO- 30 A/ h using diesel fuel
only at feeding rate of burner 3 L/ h, that is, the costs of
operating a burner/ h = 20.25 L.E/ h. On the other
hand, we found that the operating costs of burner at
using a mixture for the ratio of the diesel in it 70% at
feeding rate 3 L/ h = 15.52 L.E/ h at filtration degrees
F3, while we found that the operating costs of burner at
using a mixture for the ratio of gasoline in it 50% at
feeding rate 3 L/ h = 11.62 L.E/ h at filtration degrees
Fs. Recommended that working developed burner at
Mgs, Fs and R,.
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