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Abstract

The cooling rate of casted metal product has a magnificent impact on
its mechanical properties. According to the choose of cooling rate of
the casted product, you may keep maintain the existing mechanical
properties, or dismiss some, or to add further properties to the

product.

In this study, three applications of cooling rates has been made, on
specimens of cast iron, and aluminium metals, rapid cooling, normal
cooling, and slow cooling, to study their impacts on some mechanical
properties of the two metals, like, surface hardness, and value of
maximum tension stress.

The conclusions revealed generally, that, cooling speed has a positive
effect on the surface hardness of the casted products, while it has a
negative effect on the value of maximum tension stress, though the
difference in behavior of each metal. The results has been analyzed
by statistical software program (SPSS-Vergon 14), and it has been
revealed how much the correlations between cooling speed of casted
product and variables like, surface hardness and value of maximum
tension stress.

Jalae = 3l 5 — 3l dejus — i dlgal ool — dpadand) s500all @ LI cilaley
aaiyl — Lalg )

Key words : Surface hardness — Max-tension stress — cooling rate —
cooling time — Pearson correlation—Linear regression.
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Abstract

Carthaginian control of the territory of the three cities has lasted until
the outbreak of the Punic War between Rome and Carthage in which
he defeated Carthage in 146 B C and became North Africa under
the control of the Romans was so effective impact in encouraging
businessmen Romans to invest their money in the cities of the region
despite the fact that most of almassadrtakd that Alphenigin they who
established many Alemrakzalsgerh along the coast of Lyaib for
the purpose of water supply, provisions, in order to Athsaloa a
premium of comfort, but he quickly developed these centers to
become key points for the exercise of multiple and especially the
major settlements business activities on the land of the region
"Greater seemed QOya Sabrata " and that you need to provide the
means of protection and control over the borders of territory under
the Romanian control of the local tribes attacks, which made the
Emperor Septimius Severus since he took the throne of the empire
"193. 211 m" be given great attention to the territory of the three
cities in particular, and it is a family affiliated with the largest of
these cities "Greater seemed” and that the introduction of a new
system of defense on this region was the creation of three lines
defensive first-line establishment of forts like Ghadames Fort
Western and Qurayyat and others, the second line represents a farm
fortified and located this line on the hills dominating the tops of the
main valleys south of the territory of the three cities, and the third
line is the establishment of strategic roads linking major cities with
each other as well as between The interior, which is the subject of
this paper where the focus was on the most important roads and
brands EI Milia .
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It has been shown through access to previous studies that this issue
received some attention from archaeologists, it is for the
requirements of this paper are met have you give a boot to the
subject as a prelude to him, but the part that followed deals with the
most important strategic roads, which have established in the reign
of Emperor.

Caracalla "211. 217 m™ and were as follows:

_First: the main road, "coastal”, one of the most important roads,
linking the major cities of the region.
Second: through Takaby "plug current” Leptis Magna: This road
runs from Alzhibat area west Mara regions Nafusa Mountains until it
reaches South Leptis Magna.

Third: by Oya "Tripoli" Leptis Magna Fezzan: This road is just as
important as the coastal road linking the north where the south.
Fourth: the high road will Elgin: This road connects the area Mizdah
and Zintan by the Mountaains of sofilgen.

The second part of this paper research deals with the study and
analysis second part of the research topic which EIl Milia or so-called
erected Romania mileage marks, which played an important role in
confirming the presence of Romanian roads, has been selected a
good model for this EI Milia marks was discovered near the
settlement of Besida "Dad current Kemash "the researcher studying
and dismantling of its symbols and that showed through the
translation of the text, there are some titles such as the Arab and the
Parthian and British titles are only awarded to the Roman emperors.
Part Alokharmen this study was the epilogue, which included a set of
findings and recommendations that have been reached and that the
researcher hopes to benefit specialists in this field.
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Abstract

In this paper the characteristics of Thermoluminescent detector type
(TLD-100) using X-ray have been studied. These characteristics are,
Linearity of TLD with the amount of absorbed energy, the effect of
visible light on the amount of absorbed dose, and the long time TL
fading.
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This study showed linear thermoluminescence (TL) response
between the tube voltage of X-ray and TL output at fixed (mAs). Also
there is linear response between TL output and mAs at fixed tube
voltage, fading under dark room is 18.5% in 63 days.
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Abstract:

The administrative development is one of the main factors of
economic, social and culture, which that their great role in the
development of planning programming, to improve individuals in
organizations generally.

The development process, especially in Third World countries
required the existence of effective management device capable of
helping to make the necessary scientific studies to develop plans for
the development, and implementation, Which that for the
administrative apparatus to be lively dynamic management, and open
to modern management concepts, which that able to absorb and
convert them. The reality of modern and administrative continuously
serves the development goals.
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Abstract

This study addressed the problem of administrative corruption and its
impact on the performance of government institutions in the Libyan
state explained the reasons for administrative corruption and the ways
in which this problem treatment and solutions to eliminate them,
dimensions and effects of this phenomenon, which has become
widespread in Libyan society in all government agencies and the
threat posed by corruption on the economy and development In
Libya, the researcher recommends the following:
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1-devices regulatory attention, support and training staff to
anticorruption programs.
2- The use of modern methods such as e-government and
e-administration.
3 -Develop a fair wage and salary policy .
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Abstract

This study has been conducted in the Zawia city area, that located
around 45km west of Tripoli . to evaluation the concentration of total
dissolved solids (TDS), Ca’, Mg" lons and the total hardiness in
ground water, Some chemical analyses were carried out for about 30
samples , The results of these analyses indicated to high concentration
of (TDS), Ca’, Mg" lons and the total hardiness in several samples
.The source of these elements might from sea water intrusion because
this area located beside the sea coast , or another source as sewage
disposal .
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30 24 25.6 32.4705 | 12.442 Al

27 25 20.4 32.4722 | 12.4415 | A2

31 23 20.4 32.473 | 12.4427 | A3

29 22 10.9 32.4692 | 12.4439 | A4
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30 42 14 32.4685 | 12.4474 | AS
31 23 14.3 32.4676 | 12.4466 | A6
25 02 4.87 32.4643 | 12.4472 | A7
26 22 9.1 32.4639 | 12.4425 | A8
27 21 4.87 32.4661 | 12.4408 | A9
31 20 20.7 32.4686 | 12.441 | A10
40 26 204 32.468 | 12.4389 | Bl
40 24 13.7 32.4668 | 12.4392 | B2
25 21 10.6 32.4637 | 12.4376 | B3
26 21 18.2 32.4638 | 12.4357 | B4
41 26 25.9 32.4662 | 12.4341 | BS
20 13 16.7 32.464 | 12.4399 | B6
21 15 15.48 32.4648 12.44 B7
20 14 17 32.4654 | 12.4387 | B8
21 16 19.2 32.4625 | 12.4366 | B9
24 02 22.5 32.4657 | 12.4358 | B10
32 28 13.7 32.4608 | 12.4324 | C1
40 29 18.2 32.4647 | 12.4317 | C2
32 30 19.2 32.4634 | 12.4319 | C3
24 12 20.1 32.4649 | 12.4293 | C4
43 26 19.8 32.4636 12.43 C5
25 21 19.75 32.4631 | 12.4313 | C6
24 21 11.27 32.461 | 12.4344 | C7
40 22 13.1 32.462 | 12.4363 | C8
26 23 17 32.4619 | 12.4326 | C9
37 24 17.6 32.463 | 12.4338 | C10
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The publishing of research and studies must adhere to the
following rules :

Firstly; The topics must be characterized by:

Originality of ideas, research studies which are submitted for
publication were not previously published .

Integrity of the scientific method , according to the rules
generally accepted in writing research and scientific studies .

Second, the contents of the paper:

The paper should contains the following parts :

e Research Title (Title).

e The name of the author ( or authors ) and address of
the Author (s)

e The summary (Abstract): in the range of 200 words in
Arabic and English ( in all cases )

e The introduction .

e The search method and the materials and equipment
used (Experimental equipments and procedure)

e Results

e discuss the results (Result Dissection)

e The conclusion (Conclusions).

e Thanksgiving (Acknowledgement).
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conventional and are referenced in the text as the
author (or authors ) and the year of publication.

Thirdly — Font and writing :

The language of research or studies paper should be English
and does not exceed 250 words .

The number of pages must not exceed 15 pages.

Use Microsoft Word text editor to write the paper, Spacing
between the lines is 1.5 and the fonts types and size should be
as in the following table

55rt Type of font Size of
the font
Paper title Times New Roman (Bold) 14
Authors name Times New Roman (Normal) | 12
Affiliation: Times New Roman (Normal) | 11

Department Name of
Organization, Name of
Organization, City,
Country

Email: address | Times New Roman (Normal) | 10
desired
(without
hyperlink in E-
mail)

Heading line Times New Roman (Bold) 12
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The text Times New Roman (Bold) 10

Figure  and table | Times New Roman (Bold) 10
captions

page margins are as follows:

* Arabic language

3.0 cm from the right of the pages, 2.5 cm for the left ,the top and
bottom of the pages.

* English - lanquage

3.5 cm from the left of the pages and 2.5 for the right , top and
bottom of the pages.

Fourthly: Figures and Tables

Positioning Figures and Tables: Place figures and tables at the top or

bottom of columns. Avoid placing them in the middle of columns.
Large figures and tables may span across both columns. Figure
captions should be below the figures; table heads should appear
above the tables. Insert figures and tables after they are cited in the
text. Use “Figure 1”and “Table 1” in bold fonts, even at the
beginning of a sentence.

Table 1.Table type styles (Table caption is indispensable).
Pb Cu Fe Ag Mn Si Ni Others

99.5| 0.03| 0.001| 0.001| 0.0005| 0.001| 0.001 | 0.022
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Equations:

Equations should be written by Equation Editor, And numbered
sequentially,

as shown the following example

_ (1a.3 _1ly
y=J 3x%+3x T (1)
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Mixing (homogenization) times in Pneumatically
bioreactors

Dr. Ateya Salem Masheti

High Institute of Technical Engineering Zliten , Depr. of Chemical
Engineering, Zliten Libya
ateya.masheti@yahoo.com,: +218913206025

ABSTRACT

.Pneumatically stirred column bioreactors can be characterized as
equipment with relatively simple design, low energy consumption
and good transport properties.
The measurements and results on Airlift bioreactor show the
calculated values are hardly representative because e.g. loop mixer
used for 30 dm?® content mixing gives homogenization times within
35 s, but homogenization times for bubble column bioreactor gives
42 s.
The time delay is less than 10 s, it dependence on to mixer
revolution frequency see Fig 3.

Key words: Airlift bioreactor ALR, bubble column bioreactor BCR,
Mixing (homogenization) times

INTRODUCTION

Pneumatically agitated bioreactors, in which all agitation is due to
bubbling gas and hydrodynamical effect of pump, are a relatively
recent invention. Their application in the fermentation technologies
is not widely used. Pneumatically agitated reactors include bubble
columns with many forms of internals, pulsed bubble columns, airlift
with stirrers, tubular loop reactors which may be suitable for small
volume fermentation, and aeration using a downward directed two-
fluid nozzle. Spouted beds also find applications in aerobic
fermentation

Pneumatic devices, where the agitation is due solely to the injection
of gas, are a relatively recent invention and appear to overcome

163 Copyright © STJ 2015 ibgis wlall Gyim
2015 5\-5.5:-“) f}l.-.“ s


mailto:ateya.masheti@yahoo.com

Science and Technology
Journal

sTaX

deid\g V»}U\ PIEN

many of the large- scale design problems of stirred tanks. Gas-lift
loop fermentors combine low shear forces and controlled liquid flow
with efficient mixing and gas transfer.

The mixing in the airlift bioreactors is accomplished without
mechanical agitation. The airlift reactors are often chosen for culture
of plant and animal cells and immobilized catalysts because shear
effects in them are significantly lower than in the stirred
bioreactors.[1]

The mixing (homogenization) times is one of Basic hydrodynamic
parameters of the bioreactors[2].

REACTOR DISCRIPTION

What Is Bioreactor ? . A bioreactor is a vessel in which is carried
out a chemical process which involves organisms or biochemically
active substances derived from such organisms. Bioreactors are
commonly cylindrical, ranging in size from some liter to cube
meters,and are often made of stainless steel.

Bioreactor design is quite a complex engineering task. Under

optimum conditions the microorganisms or cells will reproduce at an
astounding rate. The vessel's environmental conditions like gas (i.e.,
air, oxygen, nitrogen, carbon dioxide) flowrates, temperature, pH
and dissolved oxygen levels, and agitation speed need to be closely
monitored and controlled[3].

The airlift bioreactor is simplicity of their design and construction,
defined flow patterns in them and comparatively low power inputs
for transport rates make them very attractive. Low shear stresses,
good mixing and extended aseptic operation are possible due
elimination of stiffer shafts, seals and bearings. These are important
advantages of the airlifts bioreactors.

Several types arrangements of the airlift reactors are in the use. Their
distinguishing[4]
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feature compared with the bubble column is that patterns of liquid
flow are clearly defined due the physical separation of up-flowing
and down-flowing streams. As shown in Fig. (1), the gas is sparged
into only one part of the vessel cross-section called the riser. The gas
hold-up and decreased fluid density cause liquid in the riser to move
upwards. The gas disengages at the top of the vessel leaving heavier
the liquid afew bubbles to recirculate through the downcomer. The
liquid circulates in the airlift reactors as a result of the density
differences in the riser and downcomer parts[5,6].

Oximeter |

)¢

>

Air Flows ®

Fig.1. Experimental plant
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PROCEDUR OF EXPERIMENTS

Experimental plant description

The airlift bioreactor has the following dimensions), diameter and
height of the external tube are D = 200 mm, H = 1400 mm, material
Simax glass, diameter and height of the internal tube are d = 110
mm, h = 1100 mm., the dimensions of Buble column bioreactor at
the same of airlift bioreactor only with out internal tube.The content
was tap water 30 dm3, air distributor consists of stainless steel tube
diameter 12 mm. with 40 holes diameter 0.8 mm.. The air flow rate
was within 0.1 - 0.5 dm3/s and during annulur space.

For oxygen concentration measurements the products of WTW Co, (
Germany) oximeter 527 were used: an oxygen probe EO 96 with
time delay under 10 s and a microprocessor, which are especially
suitable for the used gassing - out method. The oxygen was gassed
out by nitrogen. After reaching zero oxygen concentration, aeration
was started and the test was finished when 90% saturation with
oxygen was recorded, Record the time when zero and 90% oxygen
concentration for deferent flow rate.

RESULTS AND DISCUSSION

As shown in Fig 2 the mixing time is decreased by increase the air
flow rate.

At the flow rate 0.5 [I/s] the homogenization times is 35 s in airlift
bioreactor but the in bubble column bioreactor is 42 s as shown in
Fig.3.

As shown in Fig 4 the homogenization times in airlift bioreactoris
less than in bubble column bioreactor at all different flow rate.
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CONCLUSSON

The measurements and results show good mixing on airlift
bioreactor compared with bubble column bioreactor
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Introduction

Modelings of combustion process of fuel and air mixture in the
combustion chambers of Gas Turbine Engine “ GTE “ are considered.
The method of definition of temperature average value of combustion
products, structure of a mix and speed of a gas stream on length C.C.,
and also efficiency of combustion fuel and air mix is offered on the
basis of the theory of turbulent burning. It is received settlement
dependences on change of efficiency of combustion, gas temperatures
in the combustion chambers on various modes of its work.

Composition and phase distribution of a mixture are essentially
heterogeneous in working process of the main combustion chamber,
i.e. the heterogeneous fuel distribution takes place in a flame tube.
The gradual step by step secondary air supply along the combustion
area is also the characteristic feature of main C.C. In this case,
allocated air supply is necessary because only gradual mixing of fuel
with air is able to provide effective fuel burning. Now optimum
distribution of submission of air on length of a zone of burning is
established at experimental operational development in laboratory
and bench conditions.

Modelling of the combustion chamber

In a flame tube the gas mixture is formed by mixture vapor parts of
fuel and initial air. Ignition and development of process of burning
depends on intensity of evaporation and mixture by secondary air of
fuel. Therefore for the correct organization of process of burning it is
necessary to know laws of formation of structures of a mix on length
a flame tube.

1. All volume of the flame tube is conditionally divided on n zones
in which there is a burning a homogeneous mix.

2. Parameters of gas on an input of each zone are target parameters
of the previous zone.

3. The structure of a mix in each zone is formed of residual air and
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fuel of the previous zone and air acting from apertures flame tube in
the given section.

4. In each zone there is a combustion vapor and the fuel which has
mixed up with air.

On figure 1 the circuit of realization of given model C.C. is given.
Apparently from the given circuit, on an input in each zone the

G

following parameters are defined: the charge of air ~ 87, liquid fuel

G

Gri , Steam fuel Gi , products of combustion ~ 7¢; completeness of

T

combustion M ; temperature ~ eM and speed of stream Wcu; a degree

of evaporation of fuel %i and mixture of secondary air "% .

. cambustion
i product

‘r;h_ﬁ?}é
o Wk, MU il
air — ET‘:F?M

ﬂ‘l
| N2

bLrring
Tnne

Foo4
||
ey

fuiel /‘;ﬂh |
- L]
=
[ 3
LY

Figure 1 C.C.schematic drawing

Change of the specified parameters in each zone can be
determined with the help of the equations of balance of substance,
heat, quantity (amount) of movement.

1. The charge of air is determined from the equation:

Gy =Gyig +GyiAm; = AG, , (1)
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Where Gyia air acting from the previous zone without taking into

account hydraulic losses;

Gy = Fipolo The secondary air acting from peripheral

apertures, with the effective area £ with speed and density w, Po;

Am;_ A degree of mixture of secondary air with a stream;
AG,;. amount of air which has burned down in i zone,
At &2 10
AG,; = An,Gy;Lg (2)
At @ <10
AG,; = An,Gy, (3).
2. The charge of liquid fuel:
G, =0,4G,1-AG, (4),
Where Gri1. the liquid fuel acting from the previous zone;
G

i - Quantity (amount) fuel vaporization AGy; =Az,Gy 1

Az p degree of evaporation of fuel;

Oni . Factor of distribution of drops of fuel.

3. The charge of steam fuel:

Gy =G+ AG,; —AGy;

(5),
Where Gri1 . the pairs, acted from the previous zone;
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AGy;. vaporized fuel in i zone;
T
AGy; . amount burned down in i zone.
At (04 21,0
AGy; = An,Gy; (6)
At a <1,0
AGT, = AN, Gy,
£o (7).
4. The charge of combustion products:

Grei = Geia TAGy (8),
Where Gpei-t the products of combustion acting from the previous
Zone;

AG,

nci - The products of combustion formed in i zone.
For "poor" mixes (% =10).

AG,, =AnG,(1+L,) (9).
For "rich" mixes (& =10).

L,y+1

AG

nci

:AniGBi
o (10)
The given balance equations allow to determine change of the

basic physical parameters on length C.C. However for the given
equations it is necessary to define a degree of evaporation of fuel,

temperature, speed of a mix AZand combustion efficiency ATin each
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zone. Definition of the specified parameters probably creation of
assumptions:

- Fuel atomization and distribution of drops on section of a torch;
- Movements and evaporations of drops of fuel,

- Mixtures of secondary air with a stream of a mix;

- Burning out of a mix.

Using the corresponding balance equation as the base gas
temperature is received:

C, . T,.,G pis +C,, T,.AG 5 +Gnci .cpzi T

P 2l

T =

(11)
C, .GZi

The offered zoned method (division of the chamber on length on a
number of zones) and an assumption, that within the limits of each
zone approximately occurs reaction of a homogeneous mix fuel
vapor with air which has acted in each zone from the previous site
and side holes of the flame tube, allows to avoid these difficulties. It
is assumed, that fuel vapor and air mixing in the radial direction is
quite quick and the mixing process is not limiting, at the same time
the mixture composition along the chamber varies in steps, from
section to section of each zone, i.e. the input zone parameters are the
corresponding output parameters of the previous zone. In fact such
dividing of the flame tube into n zones means application of one-
dimensional model which allows to look after change of parameters
of a stream and course in them of various processes at some moment
of time in an axial direction. Such approach allows applying bases of
the theory of turbulent distribution of a flame within the limits of one
zone. In use of the theory of turbulent burning in calculations C.C is
attractive that determining parameters (intensity and scale of
turbulence) in addition allow to take into account influence of
hydrodynamic factors on processes of combustion of a mix in
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calculations. In the theory of turbulent burning at treatment of process
of burning out of fuel the separate average volume of a mix which
sometimes name "Mol" mixes is considered. Turbulent pulsations
bear (take out) separate sites of front of a flame forward aside a fresh
mix. During mixture the direction of pulsations will vary also a flame
can be thrown on one of next mol. Thus, distribution of a flame is
provided with go-ahead movement of the fastest points. From these
positions speed of distribution of a flame in a turbulent stream should
be defined both pulsations, and normal speed figure 2.

Under A.V.Talantova's [2] statement, in a zone of burning "Mol"

burns down from a surface with the certain speed U , according to
the showing figure 2 For small time interval dt the small volume dV,

equal to the average area surfaces with radius |and speed U burns
down:

i

_] .-‘:' L = |
. P il LN fe— .
fresh mixture = B cambustion product
e '1‘:] ""u = % — -
E ."_Lz_ : o
cambustion product
e — 3]
I.-"'-I F’.EiEh 'Ii Il.,.-i' u-H_h: I,/"_"“-;l
LS i Ty
.: L il j] \“" j H' -E Il:;l .-"I:I El
&l f e

Figure 2. The schematic of a fresh mix burning volumes
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Having divided this expression on the initial volume equal

4
V. =—x-12,
0 =37

Let's receive

d [Vj = SéUM -dt
Vo I (13)

From the theory of turbulent distribution of a flame it is known,
that the current scale of turbulence is determined by dependence:

—t-w'
U, +we © —U,

ZO
W!

] =

(14)

And speed of turbulent burning asking with a surface is defined by
the formula:

tw'

U, =(U,+W")e " (15)

Substituting the equations (14) and (15) in the formula (13), it is
possible to receive expression for calculation of combustion
efficiency of a mix fuel vapor And air:

2

° (16)
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Where. UMO =U, +W'

After integration of expression (16) it is possible to receive the
equation for calculation of combustion efficiency:

3U3 t3 1 3 & 2 _t
p=—u2t=[1-g " Yy +—U7“—1—eIO

Mg Mo

(A7)

Where t - time of stay within the limits of a zone of burning;

t=—-
/4

I
to = 0

W' - Time of existence of a pulsation, where %" - scale
and pulsation speed in settlement section of a stream.

After substitution of these parameters in the equation (17) it is
possible to receive:

Results and conclusions :

- From the analysis of the given analytical expression follows, that
process of combustion depends not only on kinetic factors for which
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influence normal speed of burning answers, but also takes into
account the hydrodynamic conditions developing in a stream, that
essentially raises conformity of theoretical dependences to real
processes. Thus, the given dependence for calculation of combustion
efficiency allows to determine influence of those or other entrance
parameters on characteristics C.C in more details. At the same time
the decision of the given equation is possible under condition of
definition of characteristics of a gas stream in flame tube.

On the basis of the received dependences calculations of processes
in combustion chambers GTE were carried out. On Figures 3and 4.
The data by calculation of change of completeness of combustion
(combustion efficiency), temperatures of gas on length flame tube are

T

given. At different temperatures values at C.C. entrance "« from the

analysis of the presented curves shows, that

n, 1
T=610K
0,8
0,6
0,4 +——
0,2 /
A
£
o_Jt=
0 0,1 0,2 0,3 0,4 0,5 XM

Figure 3. Distribution of combustion efficiency on length flame tube:
% =865, 7ex = 443 To; Pc* = 0,1 Mpa; C.C. engine NK-12ST
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Figure 4. Distribution of temperature on length flame tube :
a, =65, pux =01 Mpa,

- The main mixture reaction takes place in the primary zone of
burning and temperature increases abruptly, then the gas dilutes with
secondary air and the mixture temperature decreases. At the same
time it is visible, that temperatures of a stream on an entrance in C.C.
on process of reaction are rendered with weak influence. It is obvious,
that at use of the theory of superficial burning influence of

temperature through Ui is taken into account insufficiently with this
aim it is necessary, further to use in modeling process of burning in
C.C. as well approaches based on "volumetric" representation of the
mechanism of burning in C.C.
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Flame Stability by using Air Swirl and Solid Central
Body - CFD Analyses

Abdulmagid. A. Khattabi , Mofied .M. Elnemry , Anis .A. Abousaada

Abstract— The aim of this thesis is to investigate flame stability as
a function of burner thermal power (ideal power), stoichiometric
ratio, and central body length and swirler angles (00, 300, 450 , 600)
in an open atmospheric combustor with optical access for access for
the flame imaging The obtained results are displayed in two parts,
depending on the influential

1- Flame blowout limits, i.e., stable combustion limits for the
various swirl intensities with the same position of central body.

2- Flame blowout limits for the different positions of the central
body with the same swirl generator..

Keywords— Swirl burner, central body swirl number (S_N),
thermal power, stoichiometric ratio (A), Flame blow out limits

INTRODUCTION

THE gas turbine flow field is extremely complex because it can be
strongly three-dimensional, three-phase, and chemical reacting, both
of the gas and particle radiation are important and the combustion
chamber and approach flow geometry are usually complex too. This
complexity in such a wide number of areas such as chemical kinetics,
turbulence, heat and mass transfer, and interactions of each of these,
necessitates the need of using theoretical approaches to be able to
evaluate the combustion process and to complement the associated
experimental studies with much reduced developing costs and time
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[1,2,3,4,5,and 6[.Mathematical simulation of practical combustion
systems by of computational fluid dynamics (CFD) has emerged as
modeling tool of considerable and ever growing poetical and power.
The use of these theoretical approaches, the computational fluid
dynamic (CFD) codes, is not only driven by development potential
costs and time savings, but also by their capabilities of providing an
additional into complex problems that do not lend themselves to
analytical solutions the use of family of commercial codes, among
them found the PHOEICS code .flow field correct solution by Using
this numerical procedure requires a good geometrical representation
of the flow domain, accurate specification of the reactants properties,
proper setting of the initial Conditions with an accurate treatment of
the flow boundary conditions that can be very difficult in handling the
complex geometry shapes encountered in such application.

LABORATORY  SCALE COMBUSTION CHAMBER
MODELING

A. Model geometry and boundary condition for ( 8 ) =300

In this modeling phase the swirl angle is set to 300 while the depth
of center body (L) inside the combustion chamber is sec to zero,
1/3Lo mm, 2/3Lo and L=Lo mm, respectively. The geometry of the
numerical model to be simulated by the PHOENICS code that the
chamber liner inside diameter is 0.65m;. The airflow is distributed in
a way that 0.009 kg/sec of air enters the pre-mixing pipe to mix with
0.0004 kg/sec of fuel. Premixed, pre-vaporized fuel with air than
emerges from the mixing pipe with an average axial velocity of 31.5
m/sec Fig. 1 show the model geometry.
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Fig. 1 Model geometry

B. Model geometry and boundary condition for & = 45°

In this modeling phase the swirl angle (8 ) is set to 45° while the
depth of center body (L) inside the combustion chamber is set zero,
1/3L, mm, 2/3L, and L=L, mm, respectively.

C. Model geometry and boundary condition for (8 ) =60°

In this modeling phase the swirl angle (8 ) is set to 60° while the
depth of center body (L) inside the combustion chamber is set zero,
1/3L, mm, 2/3L, and L=L, mm, respectively

MODEL RESULTS AND DISCUTION

- Where (8 ) =30° The temperature distribution along the combustor
is shown in Fig.2 for the depth of the center body zero, 1/3L, mm,
2/3L, and L=L, mm, respectively .By referring to these figures, it can
be noticed first that the high temperature region is predicted in
downstream section of the recirculation zone and till the chamber exit
it can be noticed that the reaction continues downstream of the center
body for L=1/3L,,2/3L, mm, respectively ,while for L=L, mm the
reaction region is ending approximately at the upstream end of the
center body .
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- The distribution of the mass fraction of the fuel burnt is shown in
Fig.3 for the depth of the center body zero, 1/3L,, 2/3L, and L=L,
mm, respectively .This Figs show that a almost all the fuel is burnt in
the combustion zone and fuel rich regions does not exist .These
results are than useful for predicting the combustion efficiency and/
or the level of formation of pollutants species as well as to visualize
the occurrence of the fuel rich regions. The distribution of the gas
velocity in the axial direction (W1) is shown in Fig.4 for the depth of
the center body zero ,1/3L, mm, and L=L, mm, respectively .These
figures are useful since they show that the low velocity exists in both
of the recirculation zones that are as expected.

- Where 6 = 45° The temperature distribution along the combustor
is shown in Fig.5 for the depth of the center body zero , 1/3L, mm
, 213L, and L=L, mm, respectively Similarly , these figures
identify that the high temperature region is predicted in
downstream section of the recirculation zone and till the chamber
exit .And it can be noticed that the reaction continues downstream
of the center body for L=1/3L, ,2/3L, mm, respectively ,while for
L=L, mm the reaction region is ending approximately at the
upstream end of the center body . The distribution of the mass
fraction of the fuel burnt is shown in Fig.6 for the depth of the
center body zero, 1/3L, mm, 2/3L, mm, and L=L, mm,
respectively .The distribution of the gas wvelocity in the axial
direction (W1) is shown in Fig.7 for the depth of the center body
zero, 1/3Loand I=L, mm, respectively.

- Where (6) =60° The temperature distribution along the
combustor is shown in figure.8 for the depth of the center body
zero, 1/3L, mm, 2/3L, and L=L, mm, respectively Similarly,
these figures identify that the high temperature region is predicted
in downstream section of the recirculation zone and till the
chamber exit .It can be noticed that the reaction continues
downstream of the center body for L=1/3L,, 2/3L, mm,
respectively, while for L=L, mm the reaction region is ending
approximately at the upstream end of the center body.
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The distribution of the mass fraction of the fuel burnt is shown in
Fig.9 for the depth of the center body zero, 1/3L, mm, 2/3L, mm, and
L=L, mm, respectively .This figures show that almost all the fuel is
burnt in the combustion zone These results are than useful for
predicting the combustion efficiency and/or the level of formation of
pollutants species as well as to visualize the occurrence of the fuel
rich regions. The distribution of the gas velocity in the axial direction
(W1) is shown in Fig.10 for the depth of the center body zero, 1/3Lo
and I=L, mm, respectively. These figures are useful since they show
that the low velocity exists in both of the recirculation zones that are
as expected.

MAIN CONCLUSIONS AND SUGGESTIONS FOR FUTURE
WORK

A. Effects of central body length and swirl intensity on flame
stability

Regarding the effect of central body and swirl it can be seen that
the most stable flame is formed in the flow without the swirl 6=0°
.With the increase of central body length and swirl intensity, i.e. the
angle of swirl (0 ) , flame stability decreases and gets the unstable
flame for the values of  6=60°,Sy =1.52.0n the other hand , the
stoichiometric ratio of stable combustion increase with the power for
Sn=0.1t is mainly constant for swirler angles of 30° and 45° degrees ,
and decreases with power for 8=60°. Decreases of flame stability

with increases of center body length are due to heat losses of
the reacting zone which increases with the center body length, as
expected. Decrease of flame stability, in the case of flow with
stronger swirl can be explained with more intensive mixing of flame
with the surrounding cold air .This negatively affects stability by the
two mechanisms:

- Increasing of thermal losses.
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- Increasing of local stoichiometric ratio by introducing the
fresh air in to the outer area of the flame.

Case L=0

- The flame is narrow and elongated .The increase of swirling
angle induces formation of recalculation zone, wider and shorter
flame closer to the burner exit. The recalculation zone can be easily
seen.
Case L=1/3L9

- When the length of central body is increased to the value
L=1/3L, (LO=66mm), it can be easily seen that are two different
kinds of blow out limits. In this cases very small increasing of the
ideal thermal power leads to complete blow out of the burner. On the
other side there is a situation when the flame is hooked to the burner
exit, and when the very small increasing of ideal thermal power leads
to displacement of flame .It leaves the burner exit and hooks for the
central body end. From the given photos very instructive conclusion
can made. Practically two lean blow out limits exists:
- First blow out is splitting the flame from the burner fuel-air mixer
exit .After that the burner still runs , but depending of propose this
condition should be treated as blow out or not.
- Second blow out is ultimately connected with extinction of flame.
Case L=2/3Lo

- When the height of central body is L=2/3L0, the flame is even
more unstable. Limits of stability with the swirl angles: 6
=30°,45°,60°, decrease with the increase in burners thermal power,
i.e. speed of mixture flow and they are of the very close values. The
most stable flame is the one with the axial flow of burning mixture
for %he value of the 6 =0° and the unstable for the swirl angle with 0
=45
Case L=L,

- The flame shape and position are function of swirler angle and ideal
thermal power in the same manner as for smaller central body
length, but they are more significant. The limits of stable flame are
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further decreased thus confirming the destabilizing effects of
central body.
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CONCLUSION

From the previous measurements and results follow main

conclusions:

1- Obtained results with cold measurements are directly applicable
for prediction the pressure losses within burner and the exit

mixture velocity angle near the central body.

ot

Detailed parametric analysis of flame stability as a function of

thermal power, stoichiometric ratio, and central body length and

Influence of central body length is straightforward: The flame
stability limits decrease with the increases of the central body

2-
swirler angle has been performed.
3-
length.
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The influence of central body is combined with the swirling

angle as well.

The central body influence is most pronounced for mid swirl

levels (30° and 45°).

At 6=60° the influence of central body length practical

diminished except for the lower power range.

The obtained results show that the flame stability us directly

governed by the flame heat losses at the central body.

As expected the swirle angle is also a parameter of substantial

influence on flame stability.

Due to the increasing of flow recirculation with increase of

swirling angle the rate of entrainment of surrounding air

increases followed by the flame quenching in the outer flame
zone thus decreasing flame stability limits.

10- In the case of closed combustor one could expect that the effect
of central body would be qualitative similar as in the free flame
case .Namely, the heat transfer from flame to the central body
shall cause flame quenching resulting in the decrease of flame
stability limits.

11- On the other hand, in the case of closed combustor the influence

of swirler angle is expected to be in favor of flame stability as a

consequence of high temperature combustion products

entrainment by the strong flowing recirculation zone.
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Suggestions for future work

In the end of this work, in accordance with accumulated experience,
some recommendations may be established for future work:

1. Measurement of emissions of pollutants has to be made these
results could be useful from the stand point of pollution itself,
as well as for judgment of combustion process efficiency.
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2. Instead of cold central body it is very interested to examine
the influence of heated central body. it is very interested to
examine the influence of heated central body.

Velocity field should be measured and analyzed.

4-Side walls should be added to the burner.

B w

5. Possibility to preheat the fresh air should be considered.
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Abstract

Resistance spot welding (RSW) is used as a principle means of
joining sheet metal together in multitude of industries including
automotive, appliance aviation, recreation products, and other
manufacturing applications, RSW has been used for decades as a
reliable method because it is relatively fast repeatable, RSW has
lower equipment cost, and gives good welding properties in metals.

In this paper, two welded sheets of austenitic stainless steel 304 and
316 using the RSW technique, under the effects of different
parameters such as current , force , and time , and the mechanical
properties of a new material by applied several tests such as Tear test,
Tensile test , and hardness test were studied.

The acceptable results were obtained when comparison between the
results of the rests were investigated.

Introduction

Resistance welding is a fusion welding process that requires the
application of both heat and pressure to achieve a sound joint. The
simplest form of the process is spot welding where the pressure is
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provided by clamping two or more overlapping sheets between two
electrodes [1]. A current is then passed between the electrodes,
sufficient heat being generated at the interface by resistance to the
flow of the current that melting occurs, a weld nugget is formed and
an autogenousfusion weld is made between the plates. The heat
generated depends upon the current, the time the current is passed and
the resistance at the interface. The resistance is a function of the
resistivity and surface condition of the parent material, the size, shape
and material of the electrodes and the pressure applied by the
electrodes. There are a number of variants of the resistance welding
process including spot, seam, projection and butt welding. It is an
economical process ideally suited to producing large numbers of
joints on a mass production basis. Spot welding in particular has been
used extensively in the automotive industry, albeit mostly for the
joining of steel and in the aerospace industry for airframe components
in aluminium alloy [2].

In this paper austenitic stainless steel of two types AISI304&AISI316
have been studied. Different parameters have been applied such as
current, force and time.

Parameter Optimization

RSW samples were produced over a range of force, current, and time
parameters, the total samples which used in tests are 37 samples.
Optimization testing was conducted to determine weld conditions
which produced good weld qualities as determined by American
Welding Society (AWS) standards [3]. The weld current was varied
from 60 to 120 A, the weld force ranged from 1.5 to 2.5 KN, and the
weld time was between 20.6 and 20.8 seconds for each material. The
weld samples were subjected to overlap tensile shear testing, Tear
testing, and metallographic examination [4].
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A total of 37 tests were conducted per condition including 12 tensile
tests, 12 Tear tests, 12 Hardness test, and 1 sample for metallographic
preparation. Optimal welding parameters were attained for tensile
shear strength. Acceptable button diameters were determined by
using the AWS relationship for material thickness which is as follows

[5]:
Mw=4/t 1)

Where Mw is the minimum nugget diameter and t is the sheet
thickness.

RSW Welding Parameters

In order to achieve a minimum button size of 4.8 mm. The followings
parameters were used to weld AlS1304 and AISI316 materials
Austenitic stainless steel 304 and 316

Sheet thickness of AISI 304 is 2.5 mm

Sheet thickness of AISI 304 is 2.5mm

Electrode diameter is 8 mm

Welding process, to produce a new material, was made using
industrial MDFC servo gun RSW machines.

Mechanical Tests

To measure the mechanical properties of the new material, under the
effect of three parameters current, time, and force, two tests were
done the U-test, and tensile test, those measurements were done by
stabilized two parameters and change the third one. Figure 1 shows
the sample with its dimensions of the new material.
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Figure 1. The sample with its dimensions of the new material

Case#1

In this case the force was stabilized and also the time with force of
1.5 KN, and time of 20.6 seconds the current intensity was changed
from 60 A to 120 A as shown in Table 1. The measured values that
were obtained using U-test, and tensile test, are summarized in Table

Table 1 Results of U-test and tensile test

# of sample Current (A) U-test (KN) | Tensile test (KN)
1 60 3.5 22.43
2 80 3.6 27.15
3 100 4.3 28.27
4 120 49 31.37

The results were obtained from U-test and tensile test are plotted
versus the current intensity as shown in figure 2.
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Figure 4. Tensile test results versus the current intensity

Case # 2

In this case we were stabilized force and current with force of 1.5
KN, and current of 80 A, and changed the time from 20.5 seconds to
20.8 seconds as shown in Table 2. The measured values that were
obtained using U-test, and tensile test, are summarized in Table 2

Table 2 Results of U-test and Tensile test

# of sample Time (Sec) U-test (KN) Tensile =
(KN)

5 20.5 6.34 35.40

6 20.6 6.57 35.95

7 20.7 7.04 36.08

8 20.8 7.20 36.20

The result were obtained from u- test and tensile test are plotted
versus the welding time as shown in figure5
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Figure 7. Tear test results versus the welding time

Case #3

In this case we were stabilized current and time with current of 70 A,
and time of 20.7 seconds, and changed the force from 1.5 KN to 2.5
KN as shown in Table3. The measured values that were obtained
using Tear test, and Tensile test, are summarized in Table 3

Table 3 Results of Tear test and Tensile test

# of sample Force (KN) Utest(kN) | Jonsile test
(KN)

9 15 2.99 25.16

10 1.75 1.87 17.84

11 2 1.23 11.25

12 - 2.5 0.89 9.53

The results were obtained from Tear test and tensile test are plotted
versus the applied force as shown in figure 4.

Remark:- when the forces increases from 1.5 to 2.5 KN we find that
if the electrode pressure increases , the tear test values increases , and
that means the weld strength decreases as the electrode pressure
increases . the reason for this is the bounding of the test- pieces
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doesn’t provide the required to fit- up for proper melting of the two

materials , and in case of reducing the time to less than 20 seconds the
machine doesn’t work.
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Figure 8. Tear test and tensile test results versus the applied force
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Figure 10. Tensile test results versus the applied force

Figures shows the representative data for tensile and Tear tests
conducted on the AIST304 and AJSI3 16 alloys. From this data the
optimal weld schedule for a particular material can be determined.
Trends show that failure loads and button diameter increase with weld
time and current. However, increasing the welding force generally
results in a reduction of failure loads and button diameter. Welds
within the upper and lower limits are produced within acceptable
current, force and time parameter ranges. Welds below the lower
limits have insufficient button diameters, while welds exceeding the
upper limit produce expulsion. The optimal welding schedule
required for AISI304 and AISI316 to produce the maximum failure
load (36.08 KN) consists of 80 A current, 1 .5 KN force and a 20.7
sec weld time. Increasing current and time coupled with decreasing
weld force results in higher heat generation at the faying interface.
From equation 1 it can be shown that both current and time are
proportional to the amount of heat generated during welding.
Increasing weld force can reduce contact resistance and hence
adversely affect the amount of heat generated. As a result, decreasing
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welding force increases contact resistance, which generates more heat
at the interface. Furthermore, this promotes the formation of larger
nuggets and increases bonded area which is reflected in the higher
failure loads. Failure loads increase until optimal welding conditions
are achieved, after which expulsion can occur. Expulsion typically
introduces defects into the weld metal which can include excessive
indentation and loss of material.

Table 4 displays the optimal welding condition attained from weld
lobe testing using welding force, current and time as variables.

Table 4 Optimal welding parameters

Welding condition

AISI304 & AISI316 Current (Amp) Force(KN) Time(sec)

80 15 20.7

These conditions produced weldments with the highest tensile shear
properties within the lobe domain. Mechanical properties of welds are
displayed in Figure 11. Highest and lowest tensile strengths were
attained by AISI304 and AISI3 16 [6].

Heat input calculations

Case#1

With fixed value of time of 20.6 seconds, and the total resistance
of electrodes and sheets of 4.607x1073 ), and changed the current
from 60 A to 120 A, the heat input calculations were summarized
Table 5.
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Table 5 heat input calculations

Figure 11. A cross tension specimen.

Current (Amp) Heat input (J)
60 346.33

80 607.39

100 949.04

120 1366.62

The results were obtained are plotted as shown in figure 12

Case # 2

With fixed value of Current of 80 A, and the total resistance of
electrodes and sheets of 4.607x1073'Q, and changed the time from
20.5 to 20.8 seconds, the heat input calculations were summarized

Table 6.

206 Copyright © STJ 2015

ibgas alall Gyim
2015 z:lly pslall Al

25 mm



Science and Technology
Journal

deid\g V\}M‘ PIEN

sTaX

1600 — —_— e

1400 -

1200 +—ov
1000
800

Heat input (J)

600 -
400
200 -

0 +—

~ " Current (A)
40 &0

100 120 140

Figure 12. Heat input versus the current

Table 6. heat input calculations

Time (seconds) Heat input (J)
20.5 604.44
20.6 607.39
20.7 610.34
20.8 613.28

The results were obtained are plotted as shown in figure 13

Hardness Testing

Primarily, indentation hardness testing is used in engineering and
metallurgy. It is usually measured by loading an indenter of specified
geometry onto the material and measuring the dimensions of the

resulting indentation
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Brinell hardness test

The typical test uses 10 mm diameter steel ball as an indenter with a
3000 kp force. For softer materials a smaller force is used, for harder
materials a tungsten carbide ball is substitute for the steel ball. The

indentation is measured and hardness calculated as:
2P

BHN= ———— (2)

D (D—_[D2-d2)
Where:
P = applied force. , D= diameter of indenter., d=diameter of
indentation.
The test surface can be quite rough, but a more accurate value is
attained with a smoother surface. Brinell hardness tests are normally
used for materials with hardness up to 600 HB, for example quenched
and tempered steels.
The hardness testing of the RSW weld data show in Table 7. Figure
14 shows the hardness versus the penetration.

Remark:

208 Copyright © STJ 2015 ibgis wlall Gyim
2015 4l (}l.-.“ s



Science and Technology
Journal o T micar )
sTa X

deid\g V\}U\ PIEN

When we increase the electrode compression the hardness of material
is decreased , and this indicates to the increase compression is make
less the effectiveness of welding link and this leads to bad results.

Table7. Hardness testing of the RSW weld data

Force (kPa) D (mm) d (mm) H

130 10 2.8 20.69
131 10 2.7 22.45
133 10 3.0 18.38
136 10 3.5 13.69
140 10 1.9 48.94
148 10 2.8 23.55

Micro structural Observations

By examining weld cross-sections the different regions including base
metal (BM), heat affected zone (HAZ) and fusion zone (FZ) are
revealed. Detailed micro structural observations of these regions are
shown for each material in figure 15. The HAZ in spot welding joints
may be found by analyzing the hardness curve. This curve changes
severely at the beginning of the HAZ. This is because the change
undergone by the microstructure. The magnification of all the pictures
is 100X.

140 -
120 -+
100 -+

280 +

60+

Hardness
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e} 0.5 1 1.5 2 2.5 3 35 4
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Figure 14. Chart of RSW hardness.
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It is possible to see that in HAZ the size of grains become
larger, this is due to at these points the material has been

heated sufficiently long time for grain growth to occur.
Conclusions

In this paper we used the resistance spot welding (RSW) method to
joint two different sheets of austenitic stainless steel 304 and 316.The
jointed materials were produced under the effect of three parameters,
time, force, and current, by stabilizing two parameters and change the
third one. Many tests were conducted on the jointed materials, to
study the mechanical properties of them, the tests are included Tear
test, tensile test, and Hardness test.

The results show many effects which can be summarized as follows:
1-For the case of stabilized force and current and changed time, we
found the better results were obtained for the sample which took large
time for welding.
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2-The better results for Force test were obtained when the smallest
value of force was applied on the sample.

3-The increasing of the current intensity produced the good results for
current test.

With comparative current test and time test with fixed values of force
and time, it was found that the time test was given the better results
compared to the best values of current test, and when we compared
time test and force test with fixed values of force and time, we found
the time test given, the better results compared to the best values of
force test.

From the above comparison, we concluded the test was given the
better mechanical properties for the new material obtained.
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ABSTRACT

Batch processes suffer from the defect that at the commencement of
each batch a sufficient number of cells of the organism must be
grown to carry out the conversion of the sugar to citric acid. This
part of the fermentation occupies valuable fermenter time. In order
that the continuous process shall be economic, high concentrations
of sugar must be employed and, in addition, this sugar must be
substantially utilised necessitating the use of several fermenters in
series, each exhausting the medium to a lower level. This
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complication tends to nullify the potential advantages of the
continuous fermentation mode for the citric fermentation.

Our measurements and results show that the decrease of oxygen
level did not mean the cessation or slowdown of hiomass but the
citric acid formation slowdown.

KEY WORDS: STR bioreactor, oxygen transfer, fermentation
(production of Citric acid)

INTRODUCTION

Citric acid or 2-hydroxy-1,2,3-propanetricarboxylic acid is isolated
from lemon.

In 1880 citric acid had been synthesised from glycerol and since that
time a number of syntheses from other raw materials by different
routes have been published. Subsequently fermentation processes
were started in England, Belgium, Czechoslovakia and Germany. All
the plants used the so-called surface process in which A. niger grows
on static medium held in trays housed in ventilated rooms. At first
only media prepared from sucrose and inorganic salts were
employed but soon processes based on the cheaper beet molasses
were introduced. Following the Second World War submerged
fermentation processes for the production of citric acid using A.
niger and media based on either purified glucose syrups, or beet or
cane molasses were developed.
For the last 60 years citric acid has been produced by fermentation of
carbohydrates. At first the surface process utilizing the mould
Aspergillus niger was used, beet molasses eventually replacing pure
sucrose as carbon source. Latterly, submerged fermentation of beet
or cane molasses or glucose syrups by A. niger have been
introduced. More recently still, attemps were made to replace A.
niger by strains of yeasts which exhibit higher productivity and less
sensitivity to variations in the crude carbohydrate media.

Production processes: Both the older surface process and the more
recently developed submerged process are still used. The surface
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process requires more manpower but less energy than the submerged
method. Also higher concentration of substrate can be employed in
the surface method, although the submerged fermentation is faster.

1. Surface Process

Nowadays the raw material used in the surface fermentation is
almost exclusively beet molasses. Cane molasses has not been used
successfully in this process. Because molasses contains too high
level of trace metals, i.e. zinc, copper, iron and manganese, it is
necessary to treat the medium with a reagent to remove them.
Usually sodium ferrocyanide is used. For use the molasses is diluted
to a sugar concentration of 14 - 20 % w/v and heated to eliminate
harmful contaminant microorganisms. The ferrocyanide may be
added at this point together with supplementary nutrients such as
phosphate and/or zinc. The medium is then run into trays of
aluminium. The trays are assembled on racks in fermentation
chambers [4].

The medium is inoculated with spores obtained from the
selected culture of A. niger grown on a solid medium. The chambers
are ventilated with filtered air [5]. The air serves primarily to control
the temperature of the fermentation and secondarily to supply
oxygen. The spores germinate and grow to cover the medium with
mycelium.

The fermentation is complete within 9 - 12 days, after which the
mycelium and fermented liquor are separated. The mycelium is
washed to remove citric acid and the washing are added to the main
liquor [4].

2. Submerged Process

In the submerged process the fungal mycelium is not permitted
to float on the surface of the medium but is dispersed throughout the
liquid phase.

Advantages of the submerged method include the possible use
of many different substrates and better control of the fermentation.

215 Copyright © STJ 2015 ibgis wlall Gyim
2015 5\-5.5:-“) f}l.-.“ s



Science and Technology
Journal

sTa X

deid\g V»}U\ PIEN

Substrates usable in the submerged process include glucose, sucrose,
beet molasses and cane molasses. Molasses is a very complex
mixture of many components and attempts have been made to relate
the presence of toxic components to fermentation performance.

The form of growth of the mycelium of A. niger is said greatly to
influence fermentation performance. On the macroscopic scale many
authors have claimed that the formation of small dense smooth
pellets of mycelium is essential for good citric acid yields [6]. Others
consider a free filamentous types of growth to be preferable.

If molasses is used as the source of carbohydrate, sufficient
nitrogen may be already present to enable growth and citric acid
production. Additions of other salts such as phosphate may however,
be necessary. As in the surface process, ferrocyanide must be added
to lower the trace metal concentration in the medium. Medium
preparation will be broadly similar to that described for the surface
process but greater precautions must be taken to ensure its sterility.
If the medium is sterilised outside the fermenter, the latter must be
sterilised separately, e.g. by the use of steam at not less than 121°C.

Submerged citric acid fermentations may be initiated by the direct
addition of spores of A. Niger to the sterilised fermentation medium
contained within the fermenter. Alternatively, the spores may be
introduced into a smaller fermenter of perhaps 10% of the volume of
the main vessel. After a period of growth the vegetative inoculum so
produced is transferred to the main fermenter.

Whether a tower fermenter or a stirred fermenter is employed will
depend on the process in use. A pellet type process is most easily
carried out in a tower fermenter whereas filamentous mycelium is
more easily handled in a stirred vessel. The lower viscosity of the
pellet broth allows easier circulation and oxygen transfer in the
tower type vessel.

Citric acid broth is very corrosive and fermenters and pipe-lines
must be constructed of a high grade stainless steel [6].

3. Downstream processing
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Downstream process steps in the citric acid recovery. The most
delicate procedure is the precipitation of the calcium citrate as the
purity of the precipitate is of utmost importance for the subsequent
processing. When adding lime milk to a citric acid solution no
calcium citrate will be precipitated at the beginning. Only after a
certain pH value, dependent on temperature and citric acid
concentration, is reached, the citrate will be precipitate suddenly and
in an amorphous form.

It is easy to understand that such a behaviour favours the
coprecipitation of different impuruties, which cannot completely be
removed by washing on the filter or even by resuspension of the
citrate. So the impurities are carried on to the evaporator and have to
be removed by activated carbon and ion exchange resins.
Consequently these must be regenerated in shorter cycles, causing a
higher demand of chemicals and increased regeneration losses.
Therefore one must try to achieve a pure calcium citrate and under
some preconditions it is possible to prevent the citrate from
originating in the said amorphous form and to yield a more crystallic
product.

The present study is the influence of oxygen dissolved on the
biomass and citric acid production in stirred tank bioreactor (STR).

FERMENTATION CONDITIONS

The most important conditions governing a successful citric acid
fermentation are probably:

1. Temperature.
2. pH.
3. Aeration.

1. Temperature

The fermentation temperature is chosen about 30°C in relation to
the yield. The big submersion reactors should be equipped with the
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cooling device whilst metabolic heat created in the surface process is
led away by the air streaming over the trays. [3]

2.pH

pH considerations are rather complicated. Because citric acid is
being produced all the time during the acid producing phase, the pH
will drift downwards during batch fermentation whatever the starting
value unless this is very low. The initial pH used will depend on the
substrate. If a molaless solution is being employed, higher initial pH
values are required because A. niger does not germinate or grow well
at low pH in the medium. This is due to the presence of acetate in
molaless. Where the substrate is sucrose or glucose plus inorganic
salts an initial pH of 3.5 or less can be used.

3. Aeration

Provision of oxygen by aeration is a significant problem only in
the submerged fermentation.

They found the minimum DOT for citric accumulation was about 25
mbar. The rate of citric acid production was shown to increase
linearly with the DOT of the medium in the range 40 - 150 mbar.
Interruptions of air supply resulted in a cessation of citric acid
production.

REACTOR DISCRIPTION
Stirred tank reactor (STR)
As shown at the Fig. 1, the reactor is equipped with:

- supply unit to control and measure the process as pH, O
percentage, stirred speed in r/min and temperature of the reactor,

- also the unit supply is connected with printer to print the values of
0O, %, pH, speed r/min and time,
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- flowmeter to measure the flow rate of air inlet the reactor,
- inlet air pressure, inlet air temperature,
- outlet air pressure, outlet air temperature,

- pH electrode, O, electrode, stirrer motor, sampling tube

- working volume 4L.

Fig. 1 Alternative designs of fermenter

PROCEDUR OF EXPERIMENTS.

1- Cultivation conditions. Conidia suspensions were obtained from
cultures grown on slants agar. Spores were counted in Burker cell
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and 1x10 " spores per litter were incolulated into medium and
cultivated in a shaker for 2 days at 32°C.

2- Fermentation. Fermentation medium was inoculated with
different volumes of vegetative culture ( 1-2.5 %, by volume ).
Reactor temperature was kept at 32°C, starting PH values were set to
2.6-2.8, dissolved oxygen concentration was kept above 10 %/, of air
saturation. Air flowrate was 0.55-3 vvm, stirring rate in STRs was
250-450 rpm ( in certain stages of fermentation up to 700 rpm).

3- Experimental conditions in our experiments. Fermentation
conditions used in our experiment (temperature 32°C, initial pH 2.8,
airflow rate range 0.5 - 1.5 vwm), The stirring of stirred tank reactors
( STR) was 250-700 rpm ).

4- Sample handling. Samples were taken twice a day, filtered. The
filtrate was centrifuged at 18 000 rpm for 10 minutes, then filtered
through a micropores filter with 0.45 um pore size. The filtered
samples were stored in opendorf tubes in refrigerator until the HPLC
analysis. The filtration cake was washed with excess amount of
distilled water, then dried at 80 - 90 °C to constant weight.

5- Analytical methods (HPLC)

Apparatus. The liquid chromatographic equipment consisted of a
4-channel on-line degasser, a WellChrom Maxi-Star K-1000 high
pressure pump, a Knauer variable wavelength monitor, a Knauer
differential refractometer type 298.00, a Knauer HPLC interface box,
and a EuroChrom 2000 Integration Package. Column temperature
was maintained by self-made water jacket with aid of a HAAKE
DC5 water thermostat. Injection system was a Knauer injection
valve equipped with a 10 ul loop.

Sugar analysis. The column EuroKat Pb 300 x 8 mm ID was
maintained at 80°C, the Rl detector operated at 32°C. The mobile
phase was 2 times distilled water at a flow rate of 0.8 ml/min.
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Organic acids analysis. The column Polyspher OA HY, 300 x 6.5
mm ID was maintained at 50°C. The variable wavelength monitor
operated at 214 mm. The mobile phase was 0.01 N sulphuric acid at
flow rate 0.8 ml/min.

Mode of separation. Both the columns are packed with a cation-
exchange resin in different ionic forms. The EuroKat Pb columns is
in Pb* form, and Polysper OA HY in H* form. The primary
mechanism for separation is ion exclusion and ion exchange,
although other types of interactions such steric exclusion and
partitioning have been observed.

Quantities of organic acids and sugars were calculated with a
computer integrator according to the external standard method. Acid
standards were malic, citric and gluconic acids, sugar standards were
sucrose, glucose and fructose.

RESULTS AND DISCUSSION

In our study six experiments were carried out with volumes 4 litters .
As the average fermentation time about 210 hours.

If we compare our experiments from the point of view of biomass
growth and citric acid production, when the dissolved oxygen
concentration:

- [ 10-30%] for experiment{5}
- more than 30% for experiment {1}

Figures. 2a,b show better growths of biomass in exp.5 than in the
exp.1,

but at the same time in figures.3a,b show the citric acid
concentration better performs in exp.1 than in exp.5
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Biomass production in STR reactors
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Fig. 2 Biomass concentration in STR reactors
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Fig.3-b Citric acid concentration in Exp.5

The dissolved oxygen concentration fell very rapidly like in
every other, but a few hours later it rose to the saturation value,
as if the oxygen consumption rate would have fallen to a very
low level. It may imply some sort of inhibition of growth. the
same decrease in oxygen level in other experiments did not
mean the cessation or slowdown of biomass but citric acid
formation slowdown. After the short period of low oxygen level,
observed in all experiments, the increase of stirring and/or flow
rate increased the concentration of dissolved oxygen also
increased.

CONCLUSSON

Our results have shown:

- Good operation properties and mixing and also the dissolved
oxygen in the stirred tank reactor (STR). The pneumatically
agitated reactors however promises some advantages, e.g. lower
investment and operational costs.
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- The decrease of oxygen concentration level did not mean the

cessation or slowdown of biomass but citric acid formation
slowdown.
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