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Abstract: For environmental and economic
purposes, it is necessary to search for
methods that reduce gas emission by flare
from the oil refineries. It causes
environmental pollution and warmup. All
laboratory tests have been completed at Koya
University, with the contribution of the
Institute of Technology in Koya, to check
some readings and verify their accuracy.
Increasing the absorptivity of the gases by
heavy oil will have expected to improve oil
burning characteristics. This research aims to
determine the best operating conditions that
leads for higher absorption. In this research
the diesel oil is considered as a heavy cut and
LPG as a light gas. A lab scale unit was
installed for that purpose. The amount of
changes in oil weight before and after
atomizing was determines as well as, the
properties of the diesel oil like flash point,
cetane number, and diesel index. The effect of
a wide range of atomizing time (10, 20, 30,
40, 50, 60, and 90) minutes at different
temperatures (0, 10, 20, 30, 40, and 50) °C
was considered. The data is discussed and
graphically analyzed. The optimum operating
conditions is achieved by, 9 liters/minute gas
Atomizing flowrate of LPG for one liter of
diesel oil, atomizing Temperature is 30 °C,
atomizing Time is 30 minutes’ minimum till
60 minutes’ maximum. The produced Diesel
Flash Point is 55 °C, and the amount of gas
absorption is 24 gm per 850 gm of diesel oil
which represent 2.8 % of diesel weight and 5%
of LPG gas flowrate.
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1. INTRODUCTION

The energy crisis and environmental pollution
are two issues that are now affecting the world.
Energy has the priority for economic growth of
any country and is vital to the sustenance of
modern economy. The major sources of energy
in the world are fossil fuels (petroleum oil, coal,
and natural gas) and renewable energy (hydro,
wind, solar, geothermal, marine energy, and
combustible wastes). Crude oil is the most
important and abundantly available energy
source. The world is witnessing an annual
increase in crude oil consumption rates.
Natural and associated gas has been the energy
source with highest rates of growth in recent
years [1]. The burning of light hydrocarbon
gases via a refineries flare produces carbon
dioxide CO2, which is accumulated in the
atmosphere. CO2 is one of the greenhouse gases
that is slowly accumulated in the atmosphere,
and it is believed this will raise the temperature
of the planet, causing dramatic climate
changes. Therefore, searching for methods to
reduce CO2 emission is a crucial point.
Petroleum refineries are very important in our
live. Most transportation vehicles are fueled by
its products like gasoline and diesel oil. Crude
oil quality is getting heavier worldwide.
Existing refineries, which are designed to
handle normal crudes are being modified to
handle heavy crude [2]. Despite global efforts
to find clean energy sources, the need for
petroleum fuels still exists and is expanding
annually. The combustion of Hydrocarbon
gases HCG releases pollutant gases into the
atmosphere, like CO2, CO, H2S, NOx and Mass
Particulate (MP) [3, 4]. Typical constituents of
flared gas are listed in Table 1. Both flare safety
design and emission control are important
parameters for environmental regulations.

Table 1 Typical Constituents of Flared Gases
[2]

Heat of
Component Mol. % combustion
(kJ / mol.)

C1 52.1—72.8 -890.36
C2 14.3 — 21.3 -1559.9
C3 6.3 —13.8 -2220.0
1C4 1.1-2.8 -2865.8
n C4 1.7 — 4.6 -2878.5
iCs 0.4-1.1 -3529.2
n Cs 0.5—1.3 -3536.1
Co6 0 -4194.8

The flares in the oil projects are to achieve a safe
operation process through the leakage of gases
to the incinerators. Legislations and laws set
strict controls to limit the release of polluting
gases. Therefore, a balance must be struck
between operation and environmental
requirements[5]. The systems can be used for,
extensive venting during start-up or shutdown,
venting of excess process gas, handling
emergency releases from safety valves,
blowdown and venting systems. There are
many causes of emergency relief and may
include fire, blocked outlets, utility failures
(steam, electricity, instrument air, cooling
medium etc.) abnormal heat input, chemical
reaction and so on. Several authors have
published research about flare gas recovery
FGR and upgrading of petroleum products. It
concentrated on two methods as follows [6].

1. Gas to Liquid (GTL) system. Flare gases can
be converted into normally liquid products
by indirect liquefaction. Industrial GTL
facilities are normally classified in terms of
the syngas conversion technology that is
employed by methanol synthesis and
fischer-tropsch synthesis [7, 8]
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2. Direct burning of light hydrocarbons like
LPG with the normal diesel (Dual fuel) in the
modified internal combustion engine.

The Fischer-Tropsch process [9], which was

discovered in 1923 by German scientists, has

been used for a long time for gas to liquid
technology. Two main technologies are used to
produce synthetic petroleum products. It is an
indirect conversion via syngas and a direct
conversion from gas using partial oxidation

[10]. The GTL process produces very high

quality fuel such as diesel oil. 18 billion tons of

CO2 released in 2008 came from the

production of oil and gas [11]. It will be of

utmost importance to lessen the amount of
carbon dioxide and methane released into the
atmosphere. The reuse of the flare gases by

Flare Gas Recovery System (FGRS) will reduce

the amount of purged gases which increases the

environmental and economic considerations
and minimize the amount of gases being burned

[12, 13]. There is a range of methods to reduce

and recover flaring by collection, compression,

and injection/reinjection of gases into oil fields
to enhanced oil recovery; or into wet gas fields
for maximal recovery of liquids; or into the
refinery pipelines [14-16]. A literature survey
mainly focused on injecting LPG with the diesel
into the internal combustion engine, but this
needs to modify the machine fuel feed nozzle.

Qi et al. [17] propose the use of a gaseous fuel as

a partial supplement for liquid diesel fuel. The

high auto-ignition temperature of LPG is a

serious advantage since the compression ratio

of conventional diesel engines can be
maintained. The researcher described an

experimental investigation conducted on a

single cylinder diesel engine, which has been

properly modified to operate under LPG—Diesel

blended fuel at various blended rates (0%, 10%,

20%, 30%, 40%). Comparative results are given

for various engine speeds and loads revealing

its effect on engine performance and exhaust
emissions. Cao et al. [18] Studied a mixed
liquefied petroleum gas (LPG) and diesel are
both injected into engines between 180 and
260-bar pressure by a common injector. The
researchers studied the comparison of the LPG
and diesel fuels in the engines. Aydin et al. [19]
investigated the impact of diesel/LPG dual
fuel’s in diesel engine, The four different ratios
of LPG are used, where the mixture ratio of fuel
is 0% (Pure diesel), 30%, 50%, and 70% of LPG
with diesel and it is shown that CO and HC are
reduced. Saleh [4] investigated the effect of

LPG composition variation on emission and

engine performance characteristics. In this

research a simple atomizing of light
hydrocarbons like LPG across a diesel oil

(Atomizing Process) at different temperature

and time is conducted. The amount of absorbed

gas by diesel oil and its effect on upgrading the
diesel properties was determined. Analyzing of

data by graphing the relations between the
operation parameter is done to achieve the
optimum operating conditions for higher gas
absorption.

2. EXPERIMENTAL PROGRAM
2.1.Apparatus and Procedures

The Laboratories scale unit is designed for
implementation of the experiments as shown in
Fig.1 The experimental unit includes preparing
an LPG gas bottle with suitable pressure and
connected with a flow control valve. The gas is
transferred by a plastic tube to a calibrated
rotameter YOKOGAWA, where the amount of
gas flowing is manually controlled via a valve
placed before the flowmeter. Then the gas is
transferred by an open-end plastic tube to a
laboratory standard bottle of 2 liters’ capacity in
order to get efficient atomizing of LPG through
one liter of diesel without splashing. The tube
opening end is positioned at the bottom of the
bottle, where the gas stream atomizer from the
bottom up through the diesel fuel. The diesel
bottle is held inside a water bath model
(Koehler K33053) that covers most of the
bottle's volume to control the diesel
temperature accurately during the
experiments. The process of controlling the
temperature of the water bath is carried out
automatically through thermal heaters; bath ice
water is used to keep its temperature low, like 0
C. The water bath temperature is confirmed by
using an externally calibrated portable
thermometer. A weighing balance model Ming
Heng Digital reading is used to determine the
changes in the diesel weight which refers to the
primary absorption of LPG gas. The diesel oil
flash point, cetane number and cetane index are
tested before and after atomizing by Closed
Pensky Martens tester model APM-7 and
Kohler Tester Analyzer K88600 respectively.

Flowrate Regulater Valve
I L)
{ \_
Rotameter

Thermometer

O

Diesel O Bt \T

il

LPG gas Cylinder

Temperature Controlled
Water Bath

Fig. 1 The Laboratory Scale Unit for
Experimental Work.
2.2.Experimental Procedure
The experimental work includes manually
opening the gas valve to a specific limit to
achieve a constant flow rate of 9 liters per
minute, which is controlled manually. The
atomizing of gas is monitored at different
intervals according to the experimental designs.
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Each run takes time from one hour to three
hours to achieve stability temperature. Some
experiments have been repeated two times to
ensure the efficiency of the work and the
accuracy of the results.The materials that are
used in this research are:

1.LPG according to the Iraqi standard
specification Appendix A [20].

2. Local market diesel oil according to the Iraqi
standard specification Appendix B [21].

More than 50 runs with more than 400
laboratory tests were conducted to achieve
optimum absorption conditions.

2.3. Experimental Sets

The absorptivity of LPG by diesel oil is affected
by three parameters which are gas flowrate,
atomizing temperature and time. Increasing
the absorption efficiency will enhance the
burning properties of heavy diesel oil due to
increase volatile content. The gas flowrate can’t
increase more than a certain limit to avoid
liquid disturbances and splashes. Therefore,
the research is carried out under a case study of
a high possible flowrate and kept it constant at
9 liters per minute. This research focuses on the
optimum atomizing temperature and time for a
higher absorption amount LPG by diesel oil.
The experimental work covers the ranges of
temperatures o, 10, 20, 30, 40, and 50 °C at
different range of time 10, 20, 30, 40, 50, and
90 minutes. Each run is done at a constant
temperature with a variable atomizing time.
The difference in the oil density at 60 °F is
expected to be insignificant, considering the
weight of the absorbed gas is essential to
indicate the efficiency of the experimental
work. The effect of gas atomizing on diesel
Sulphur content is not considered. According to
the Iraqi standard specification, diesel oil sulfur
content is 1% for grade A and 2.5% for grade B.
Several samples of local diesel were laboratory
tested to determine their sulfur content. It was
found that its content ranged from 0.65-0.9 wt.
% in most of them. Since the average weight of
the absorbed gases in these experiments is low,
its effect on the total sulfur content is minimal.
It remains within the limits of the standard
specification. The study did not take into
consideration the impact of absorbed gases on
the diesel mineral content because we believe
that their effect will not be noticeable, especially
with the low weight of the absorbed gas, in
addition to that the Iraqi standard did not focus
on the mineral content in diesel standard sheet.
The effect of absorbed gas on diesel asphalt and
ash content is predicted to be very low or have
no effect for two reasons: its content is very low
in the gas because it is heavy cuts, and second
the amount of absorbed gas by diesel is low.

3. RESULTS AND DISCUSSIONS:
3.1.Results of Diesel Oil Weight
Difference (Awt.)

The rate of increase diesel oil weight after
atomizing (A wt.) is determined with respect to
a different atomizing temperature and time,
Table 2. The average (A wt.) for each range of
temperature is estimated to get clear idea about
its profile, Table 3. Similarly, it is estimated for
each range of atomizing time, Table 4. The
average (A wt.) is drawn against atomizing
temperature and time Figs. 2 and 3.

Table 2 Rate of Changes of Diesel Oil Weight
with Increasing Atomizing Time at A Different
Temperature.

Diesel At01.nizing
Exp. No. Temp. °C mTiilnlll:és A Wt. gm

1 o) 10 43
2 0 20 47
3 o 30 71
4 o 40 74
5 o 50 82
6 o 60 87
7 0 90 107
8 10 10 49
9 10 20 52
10 10 30 24
11 10 40 28
12 10 50 74
13 10 60 81
14 10 90 117
15 20 10 4.4
16 20 20 8.4
17 20 30 12
18 20 40 18.5
19 20 50 21.7
20 20 60 23.2
21 20 90 37
22 30 10 5
23 30 20 6
24 30 30 18
25 30 40 23
26 30 50 18
27 30 60 24
28 30 90 25
29 30 120 31
30 40 10 8.9
31 40 20 15.1
32 40 30 18.2
33 40 40 22.3
34 40 50 23.2
35 40 60 18.3
36 40 90 23
37 50 10 6.8
38 50 20 16.4
39 50 30 14.1
40 50 40 12.3
41 50 50 15
42 50 60 17.3
43 50 90 12.9
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Table 2 Average Increase in Weight of
Samples with Respect to the Temperature.

Temp °C A Wt. Average
o 73
10 68
20 18
30 18
44 19
50 14

Table 3 Average Increase in Weight of
Samples with Respect to the Atomizing Time.

Time in minutes A Wt. average

10 17
20 21
30 28
40 31
50 34
60 37
90 43
90
80
"
70
E [ ]
a0 60
£
w0 50
£
= 40
£
8 30
s 20
£ . .
T 10
20
< 0 20 40 60

Atomizing Temperature C

Fig. 2. The Effect of Atomizing Temperature
on the Absorption Weight of LPG.

50
45
40
35
30
25
20
15
10

5

0

0 20 40 60 80 100

A Wt. average in grams

Atomizing time in minutes

Fig. 3. The Effect of Atomizing Temperature
on the Absorption Weight of LPG.

120
At 0°C At 10 °C
100 At20°C e At30°C
b * At40°C ® At50°C
2 80
o
a
®
& 60
g
n
€ 40
c
w [
20 __ﬂ
=
0
0 20 40 60 80 100

Atomizing Time in minutes

Fig. 4 The Changes in (Awt.) with Increasing
Atomizing Time at Different Temperatures.

It is shown from Fig. 2, there is no significant
changes in (A wt.) above 30 °C because we're
getting close to saturation for diesel with LPG
gas. The amount of absorbed gas increases with
atomizing time. As it is known, the rate of mass
transfer depends on the concentration
difference between the two media. Therefore,
the rate of LPG gas absorption depends on its
content in the diesel oil. In the beginning the
content of light hydrocarbons in diesel is very
low. The diesel content of gas will increase by
time, and this leads to reduce its absorption rate
gradually. Therefore, a significant decrease in
the amount of absorbed gases is observed
experimentally after an hour of gas atomizing
Fig. 3. Fig.4 shows clearly that at lower
atomizing temperature 0 and 10 °C a higher
absorption rate is achieved and increased by
increasing atomizing time, but it is very
important to looking at other diesel properties
like flash point because it will have affected by
increasing volatile content. The process of
absorption of gases by liquids is affected by
several factors, including temperature,
pressure and interfacial area between gas and
liquid. The pressure of the system in our study
is constant under normal pressure as well as the
atomizing shape of gas. The higher the
temperature, the more gas molecules gain
kinetic energy. This kinetic energy pushes the
gas molecules to spread in the solution and thus
increase the dissolved amount, but within
certain limits, because the increase in
temperature above a specific limit can give the
gases higher kinetic energy, which pushes them
to escape from the solution and thus lower the
rates of gas absorption. Therefore, it was crucial
to know the range of temperatures that achieve
the best absorption before we enter the high
degrees of heat that lead to the re-evaporation
of gas from liquid. The figure shows a
significant increase in the solubility rates of gas
in diesel at low temperatures of 0 and 10 °C.
Increasing the absorbed quantities of LPG gas
by diesel is beneficial to some extent because it
directly affects the flash point and other
combustion specifications, such as cetane
number and diesel index, which are listed in the
Iraqi standard specification. Accordingly, we
must monitor the best temperature that
achieves a balanced amount of gas absorption
so that it leads to the production of diesel fuel
that conforms to standard specifications and
with ideal combustion specifications. The
optimum amount of absorbed gases is achieved
at 30 °C, as shown in the figure, and for a flow
period of approximately 60 minutes. The
atomizing at a range of temperature between 20
°C till 50 °C shows lower rate of (Awt.) with a
smooth uniform shape. The flash point (FP)
change with respect to the atomizing
temperature and time. The FP value for each
sample is tested before and after atomizing,
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Table 5. The Iraqi standard specifies the
ignition point value of diesel fuel 54 °C
minimum. The direct reading of FP after
atomizing gives unstable values. Therefore, it is
stored at room temperature in open cap bottles
for several days and two months then record the
stable reading of FP. Fig.5, shows the profiles of
the FP changes with different cases of
atomizing temperature and time.

70
60
After 3 days
50 After 7 days
= After 10 days
< a0
£
& 30
K=
"
S 20
10
0
0 20 40 60 80 100
Atomizing Time in minutes
Fig. 5 Flash Point at 0 °C at Different
Atomizing Time.
70
60
after 3 days
© 50 After 7 days
f=4
E a0 After 10 days
g
2 30
[}
8
“ 20
10
0
0 20 40 60 80 100
Atomizing time in minutes
Fig. 6 Flash Point at 10 °C at Different
Atomizing Time.
70
60
After 3 days
50 After 7 days
After 10 days
& a0
£
€
5 30
Qo
G 20
=
10
0
0 20 40 60 80 100

Atomizing time in minutes

Fig. 7 Flash Point at 20 °C at Different
Atomizing Time.

Table 4 The Change of FP Value with
Increasing Atomizing Time at a Different

Temperature.
. s A2 s FP aﬂ(.:r.several days from
ng. igo ,E, > g Ea atomizing at operll(})ottle 5o
RE £ 8 2% gdays 7days Al
1 (o} 10 64 17 28 42 >70
2 (o} 20 64 16 30 42 >70
3 (o} 30 64 17 28 38 >70
4 (o} 40 64 15 26 38 >70
5 (o} 50 64 15 24 36 >70
6 (o} 60 64 15 24 30 >70
0o 90 64 15 24 32 70
8 10 10 58 14 24 42 70
9 10 20 58 15 24 42 68
10 10 30 58 15 24 30 68
11 10 40 58 16 24 30 67
12 10 50 58 15 24 30 67
13 10 60 58 15 25 30 67
14 10 90 58 15 24 30 66
15 20 10 58 15 24 42 >70
16 20 20 58 15 24 42 >70
17 20 30 58 15 24 30 >70
18 20 40 58 16 24 30 70
19 20 50 58 15 24 30 70
20 20 60 58 15 24 30 70
21 20 90 58 16 24 30 68
22 30 10 62 19 48 58 >70
23 30 20 62 18 48 58 >70
24 30 30 62 18 46 57 >70
25 30 40 62 18 44 56 >70
26 30 50 62 18 44 56 >70
27 30 60 62 18 44 55 >70
28 30 90 62 18 42 55 69
30 40 10 62 26 51 59 >70
31 40 20 62 26 50 58 >70
32 40 30 62 24 48 57 >70
33 40 40 62 24 46 57 >70
34 40 50 62 24 45 56 >70
35 40 60 62 22 44 56 >70
36 40 90 62 22 42 55 >70
37 50 10 62 27 53 60 >70
38 50 20 62 26 52 59 >70
39 50 30 62 26 50 59 >70
40 50 40 62 24 49 58 >70
41 50 50 62 24 48 57 >70
42 50 60 62 23 46 56 >70
43 50 90 62 23 45 56 >70
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10

0
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Fig. 8 Flash Point at 30 °C at Different
Atomizing Time.
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N
o
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w s U
6 © o o
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Fig. 9 Flash Point at 40 °C at Different
Atomizing Time.

70

Flash point in °C
w b u o
o © o o

Average A CN

20 After 3 days
10 After 7 days
= After 10 days
0
0 20 40 60 80 100

Atomizing time in minutes

Fig. 10 Flash Point at 50 °C at Different
Atomizing Time.

Fig. 5-10, shows the ability of diesel fuel for fast
burning depends on its content of light cuts.
The increase in fuel temperature leads to the
released gas and early combustion when
examining the flash point. The early
combustion of diesel at low temperatures is
undesirable due to the technical problems it
causes in the regularity of the movement of
internal combustion engines. And since the
Iraqi standard specified the flash point at 54 °C
minimum. Therefore, when examining the
samples' flash points, monitoring the lowest
temperature that achieves the required flash
point was necessary. In order to get accurate
and actual readings of FP, the samples must be

in a stable state by expelling the over-saturation
gas by leaving the diesel in open cap bottles for
several days. The curves shown in the figure
indicate that the lowest temperature of the
atomizing of LPG in the diesel that gives the
required flash point is 30 °C. The higher the
temperature, the better stability of the readings,
while the lower one gives diesel out of standard
specifications. The stable FP is achieved after 10
days storing. As has been mentioned before the
FP should be above 54 °C according to Iraqi
Standard Specification which can be achieved
after 10 days storing under 30 °C atomizing
temperature minimum. Therefore, any storing
lower than 10 days is rejected.

3.2.The Effect of Atomizing Process on
Diesel Cetane Number (CN)

The value of diesel o0il CN is 50 minimum (grade
1) for fast diesel engine and 40 minimum (grade
2) for slow motion engine according to Iraqi
Standard Specification no. 1099. Higher CN
better burning characterization fuel. The
upgrading of CN is expressed by A CN which
represent the difference between CN of the
sample after two months from experiment
(stable diesel properties) and before atomizing.
The CN for each sample is tested before and
after atomizing Table 6. The CN is tested after 2
months storing in order to get a stable accurate
value The average (A CN) for each range of
temperature at different atomizing time is
estimated in order to get clear idea about its
profile shape, Table 7. Similarly, it is estimated
for each range of atomizing time, Table 8. The
average (A CN) is drawn against atomizing
temperature and time Figs. 11, 12.

10.00

8.00

8.40
7.37
5.80 579 594

6.00
4.00 3.46
2.00 I
0.00

0cC 50C

10C 20C 30C 40C
Atomizing temperature in °C

Fig. 11 The Average A CN Profile with Respect
to Atomizing Temperature.

9.00
8.00

7.00

7.63
6.58  6.60
6.03
6.00 5.18 5.43 5.42
5.00
4.00
3.00
2.00
1.00
0.00
K] Yo Y. £ o T .

Atomizing time in minutes

Average A CN
=3

Fig. 12 The Average A CN Profile with Respect
to Atomizing Time.
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Table 5 The Change of Cetane Number (CN)
Value with Different Atomizing Temperatures
and Time.

: T T

Bp. Diel S5 &% EEE |

oo TP BE £ 2B

FE B2 BFz

1 [} 10 42.9 46.1 3.2
2 [} 20 42.9 45.5 2.6
3 o 30 42.9 48.2 5.3
4 o 40 42.9 45.9 3
5 o 50 42.9 45.1 2.2
6 o 60 42.9 47.3 4.4
7 o 90 42.9 46.4 3.5
8 10 10 40 46 6
9 10 20 40 45.9 5.9
10 10 30 40 49.4 9.4
11 10 40 40 47.5 7-5
12 10 50 40 47.9 7.9
13 10 60 40 47.9 7.9
14 10 90 40 47 i
15 20 10 40 44.8 4.8
16 20 20 40 44.9 4.9
17 20 30 40 47-3 7-3
18 20 40 40 44.6 4.6
19 20 50 40 46.9 6.9
20 20 60 40 47 7
21 20 90 40 45.1 5.1
22 30 10 40 47.7 7.7
23 30 20 40 48.8 8.8
24 30 30 40 50 10
25 30 40 40 48.7 8.7
26 30 50 40 48.5 8.5
27 30 60 40 48.7 8.7
28 30 90 40 46.4 6.4
29 30 120 40 45.9 5.9
30 40 10 40 46.1 6.1
31 40 20 40 45.6 5.6
32 40 30 40 47 7
33 40 40 40 47 7
34 40 50 40 45.1 5.1
35 40 60 40 43.8 3.8
36 40 90 40 43.5 3.5
37 50 10 40 44.3 4.3
38 50 20 40 48.2 8.2
39 50 30 40 45.4 54
40 50 40 40 47 7
41 50 50 40 46.5 6.5
42 50 60 40 46.7 6.7
43 50 90 42.9 46.1 3.2

Table 6 Average Increase of A CN with
Respect to Atomizing Temperature.

Temp °C ACN
[} 3.46
10 7.37
20 5.80
30 8.40
44 579

50 5.94
Table 7 Average Increase in A CN with Respect
to the Atomizing Time in Minutes.

Time in minutes A CN
10 5.18
20 5.43
30 7.63
40 6.03
50 6.58
60 6.60
90 5.42

Fig. 13 shows the profiles of the whole CN
changes with different cases of atomizing
temperature and time. CN can be directly
related to ignition delay, and its estimation is of
practical significance. A higher CN of fuel
means a lower auto-ignition temperature,
which refers to a shorter ignition delay time. It
is shown from the figure the samples that have
higher gas content have higher CN values. The

higher increase of CN is achieved at 30 °C.
Adding gas to diesel fuel affects its properties,
including density, calorific value (CV), and
cetane number (CN). The CV of diesel should be
according to the engine load. The higher CV is,
the higher resistance to load. Therefore, the
best quality of diesel oil is achieved by looking
at CN and CV together. The Iraqi standard
specified the calorific value for diesel oil at
43.96 MJ/kg as a minimum, while it is 45.5
MJ/kg for LPG. Since there is not much
difference in CV, mixing diesel with gas has no
negative impact on the CV. Fig. 12 shows the
higher stable CN value is achieved at atomizing
temperature 30 °C, while Fig. 13 shows the
higher value at 30 — 60 minutes atomizing time.
The average upgrade of CN is about 8 units.

1 «ACNat0°C eACNat10°C

ACNat20°C - ACNat30°C

10 ACNat40°C ¢ ACNat50°C
8
g s

<

4
2
0

0 50 100

Atomizing time in minutes

Fig. 13 The Upgrading Profile of Cetane
Number with Different Atomizing Time and
Temperature.

3.3.The Effect of Atomizing Process on
Diesel Index (DI)

The diesel index is a figure which denotes the
quality of a diesel fuel, based upon its density
and volatility. The value of diesel oil CI is 55
minimum (grade 1) for fast diesel engine and 50
minimum (grade 2) for slow motion engine
according to Iraqi Standard Specification no.
1099. The upgrading of DI is expressed by A DI
which represent the difference between DI of
the sample after two months from experiment
(stable diesel properties) and before atomizing.
The DI for each sample is tested as shown in
Table 9. Diesel Index is just the same as Cetane
Number. Both denote the Ignition properties of
a Diesel Fuel. The Cetane number is calculated
based on the percentage of Cetane
(Hexadecane) in a combustible mixture having
properties the same as that of the Diesel Fuel
tested. And Diesel Index is calculated based on
the fuel’s density and distillation range. The
increase in both Diesel Index and Cetane
Number indicates good quality fuel. It is shown
that there is uniform upgrading of DI with time
by about 13 units over the normal diesel value,
but there are no significant changes of DI with
increasing atomizing temperature. A DI is
drawn with respect to the atomizing
temperature and time as shown in Fig. 14.
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Table 8 The Profile of Diesel Index (DI)
Changes at Different Temperatures and
Atomizing Time.

o o a e
Diesel £ § g & 52 ¥E
EXp.  remp. Y E 55 €352 aAmn
No. £ £ 2 g So=E g
¢ gF & gREfL
=11 =0
1 0 10 46.1 59 12.9
2 [} 20 46.1 60.2 14.1
3 [} 30 46.1 60 13.9
4 [} 40 46.1 60 13.9
5 [} 50 46.1 59.1 13
6 (o} 60 46.1 59.6 13.5
7 (o} 90 46.1 60.1 14
8 10 10 46.2 60.3 14.1
9 10 20 46.2 60.2 14
10 10 30 45.2 61 15.8
11 10 40 45.2 60.5 15.3
12 10 50 45.2 60.1 14.9
13 10 60 45.2 61 15.8
14 10 90 45.2 61.3 16.1
15 20 10 48.5 60.6 12.1
16 20 20 48.5 59.6 11.1
17 20 30 48.4 60.5 12.1
18 20 40 48.4 59.4 11
19 20 50 48.5 58.2 9.7
20 20 60 43.9 58.2 14.3
21 20 90 43.9 59.6 15.7
22 30 10 45 61.4 16.4
23 30 20 53.8 60.8 7
24 30 30 55 61.3 6.3
25 30 40 53.7 60.9 7.2
26 30 50 53.5 61.2 7.7
27 30 60 53.7 59.9 6.2
28 30 90 51.4 59.4 8
29 30 120 45 56.9 11.9
30 40 10 45 57.7 12.7
31 40 20 45 57.2 12.2
32 40 30 45 57 12
33 40 40 45 56.6 11.6
34 40 50 45 571 12.1
35 40 60 45 56.9 11.9
36 40 90 45 56.7 11.7
37 50 10 45 575 12.5
38 50 20 45 57.6 12.6
39 50 30 45 56.9 11.9
40 50 40 45 58.5 13.5
41 50 50 45 58.5 13.5
42 50 60 45 59 14
43 50 90 46.1 59 12.9
18
14 :
12 s =
10
S g
< ADIat0°C « ADlat 10°C
6
ADlat20°C ADlat30°C
4 e ADlat40°C A Dlat50°C
2
0
0 20 40 60 80 100

Atomizing time in minutes

Fig. 14 The Upgrading Profile of Diesel Index
with Atomizing Temperature and Atomizing
Time.

3.4.Estimation of Gas Absorption
Amount

It is shown that optimum operation condition
of atomizing LPG in the diesel oil is 30 °C and at
atomizing range time 30 — 60 minutes. From

Tables (3, 4), the average amount of absorbed
LPG gas is = (18 + 30) /2 = 24 grams. The
average specific gravity of Iraqi diesel oil is
0.85. Therefore, the absorption amount of LPG
gas which represent 2.8 % of diesel weight. The
amount of flowing gas = flowrate of gas x gas
specific gravity x atomizing time which is 30
Minutes, the average density of LPG = 1.9
gm/liter. The amount of flowing gas = 9 (liters
/ min.) x 1.9 (gm/liter) x 30 minutes = 513 gm
The material balance shows that the amount of
released gas from bottle during 30 minutes =
513 — 24 = 489 gm, which represent 95 % of
whole gas amount. And absorption is occurred
for 5 % only of the atomized gas. The gas
absorption percent can be increased on site if
the gas pipelines go throw several tanks in
series in addition to reducing the bubbles size
of the atomizing LPG gas by installing fine
dispersion gas distributer.
3.5.The Importance of this Research is
in the Following Points
1. Itis anew simple gas recovery system for
petroleum refineries while investigating
heavy petroleum cuts like diesel oil to
absorb released light hydrocarbon gases
and enhance its burning characterization.
2. Reducing environmentally  polluting
emissions from conventional crude oil
refineries stack due to decrease the
burning amount of light hydrocarbon
gases by the amount absorbed by heavy
diesel oil. Therefore, the research will
contribute to reducing global warming up.
3. Can apply the research results on the
refinery projects. It provides easy
operating conditions of temperature,
pressure, and gas flow rate to achieve the
highest gas absorptivity by diesel oil. It is
done by atomizing the gas under the diesel
oil in its storage tanks.
4. No need to make any modifications to the
internal combustion engine.

4. CONCLUTIONS

1. The amount of absorbed gas by diesel oil
increases with increasing atomizing time.
A significant increase in the solubility
rates of gas in diesel at low temperatures
of 0 and 10 °C, but it has a bad effect on
flash point. Increasing the absorbed
quantities of LPG gas by diesel is beneficial
to some extent because it directly affects
the flash point and other combustion
specifications, such as cetane number and
diesel index. The optimum amount of
absorbed gases is achieved at 30 °C.

2. The FP of Iraqi diesel oil should be 54 °C
minimum. The FP test for the samples that
are prepared at a temperature of 0 — 20 °C
is lower than the standard limit. The best
practical result is 55 C and is achieved at
30 °C. The higher the temperature, the
better stability of the readings, while the
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lower one gives diesel out of standard
specifications.

3. The CN value is affected by higher gas
content. The higher increase of CN is
achieved at an atomizing temperature of
30 °C for 30 - 60 minutes.

4. The increasing gas content in diesel affects
other properties like calorific value (CV),
which refers to the ability of the fuel to
derive a heavy enjoin load. Since there is
not much difference in CV, mixing diesel
with gas has no negative impact.

5. DI is just the same as CN. Both denote the
Ignition properties of a Diesel Fuel. Diesel
Index is calculated based on the fuel’s
density and distillation range. The
increase in both DI and CN indicates good
quality fuel. The upgrading of DI with time
is about 13 units over the standard diesel
value.

5. RECOMMENDATIONS FOR FUTURE
WORK

1. Apply the dual fuel (diesel oil + LPG) on
the internal combustion engine and
determine its operating performance.

2. Develop the absorption process of HCG by
using of mixers, packing materials and
reduce gas bubble size.

3. Determining the effect of gas pressure on
absorption rate of HCG.

4. Repeat the same procedure steps on
refinery residue and investigate its effect
on fuel properties.

NOMENCLATURE
CO Carbon monoxide
CO. Carbon dioxide
H.S Hydrogen sulfide
NOx Nitrogen oxide
HC Hydrocarbon
MP Mass Particulate
LPG Liquefied Petroleum Gas
FP Flash point
DI Diesel Index
CN Cetane number
FGRS Flare Gas Recovery System
GTL Gas to Liquid
AWt The increase in \.Ne.:ight of diesel oil after
atomizing by LPG
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APPENDIX A

Iraqi Standard Specification of Commercial
Liquefied Petroleum Gases LPG

Type of test General, Physical and Chemical analysis

No. and Date of
standard
specification

Iragi Standard Specification 1QS / 1045 — 1988, UDC:
665.723.662 + DANA Gas Specifications

General Requirements: It is a light hydrocarbon. It is gas at normal temperature
and pressure and converted to liquid at high pressure. It should be free from water
and solid impurities. It is a mixture of liquefied propane and butane.

Chemical Test

No Test details Standard Specifications
1 The pH of water that is used for 7.75
wash the gas
Content of Sulphur compounds
2 mg/m?® maximum 343
3
3 Cont_ent of Mercaptane mg/m 110
maximum
4 Content of Carbonyl Sulfide mg/m3 20
maximum
0
5 Methane content volume % 0 % (Should be free from methane)
maximum
6 | Ethane content volume % maximum 0.5 In summer
0.6 in winter
30— 40 in summer
0,
7 | Propane content volume % 40— 60 in winter
8 (Isobutane + Normal Butane) 60 — 70 in summer
content volume % 40— 60 in winter
(Pentene + Isopenten) content o .
9 volume % maximum 2 % for summer and winter
10 Heavier than Pentane, volume 20

content maximum

Physical Test

11

Specific gravity at 15.6 °C

0.551 — 0.558 in summer
0.534 — 0.551 in winter

12

Calorific value of Gas in 15.6 °C in
Kcal /m?
IN Mj/kg

27420 - 28250
455

1

w

Calorific value of Liquid in 15.6 °C
in Kcal /m®

11880 - 11912

14

Vapor pressure at 37.8 °C in
kilopascal maximum

800 in summer
1000 in winter

1

3]

Volatility (it is the temperature in
centigrade at which 95 %
evaporated maximum

22

APPENDIX B
Iraqi Standard Specification of Gasoil and
Diesel Fuel

Grade A: For fast engine

Grade B: For slow engine

Type of test General, Physical and Chemical analysis

No. and Date of
standard
specification

662.753.323

Iragi Standard Specification 1QS / 1099 — 1986, UDC:

General Requirements: The fuel should be free from any impurities, suspended
materials and organic acids. Grade A should be free from any distillation residue.

Chemical Test

No

Test details

Standard Specifications

1

Sulfur content mass % maximum

1.0 for grade A
2.5 for grade B

Remaining Carbon mass % from

0.2 for grade A

2 10% residue maximum limit
(Rasputin method) 1.5 for grade B
Physical Test
Flash point (Closed pensky-
3 martiense) minimum 54C
Grade A 540
Grade B
Kinematic viscosity max. in 5.5 for grade Aand 18 —12 for grade B
4 centistoke at: at summer and winter respectively
40T 5 for grade A and 12 — 8 for grade B at
50 C summer and winter respectively
-9C for grade A
5 Pouring point maximum 10 - 0 T for grade B for summer and
winter respectively
Diesel Index minimum for:
6 Grade A: 55 min. for grade A
Grade B: 50 min. for grade B
Cetane Number for:
7 Grade A: 50 min. for grade A
Grade B: 40 min. for grade B
Remaining Ash minimum mass %
8 Grade A 0.01
Grade B 0.1
Water and precipitated volume
percent maximum for:
J Grade A: 825
Grade B: i
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