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همية استخدام البرامج العلمية الحديثة  أ

 العالمية في مخابر البحث العلمي كوداتتبعاً لل
 

 الأمريكي للأفران الكودالطبيعي باستخدام المحاكاة الرياضية لجريان الموائع بالتوافق مع السحب ضبط الاحتراق في أفران 

 (دراسة حالة) 560في المصافي رقم 

            آسية عبد االله             سرخيوس أويس كالبو                  عزة علوش
      شركة مصفاة النفط في حمص              بلنسية ، إسبانية               قسم العلوم الأساسية ، جامعة البعث

 

الخلاصة : 
. هذا التوزع  تعتبر المشاعل المفتاح الرئيسي في عمل الأفران وذلك لتأثيرها المباشر على التوزع الحراري في الفرن

نه يكاد يصبح شبه أجراء القياسات في منطقة اللهب مباشرة غاية في الصعوبة حتى إ لكن  ،الحراري يرتبط ببنية اللهب وطوله
.  ذ يعتمد على كمية الحركة للموائع الجارية في المشعل بكلتا مركبتيها الزاوية والمباشرةإمستحيل أحيانا 

كروسكوبية للموائع في المشعل الراكب على الفرن ان استخدام البرامج العلمية الحديثة التي تدرس تغير الخواص المإ
من النتائج  و كليهما معا يقدم مجموعةأو لاغرانج أباستخدام تقنية المحاكاة الرياضية لجريان الموائع حسب ميكانيك ايلر 

 يفهم الباحث من خلالها وظيفة كل قطعة من مكونات المشعل مما يسمح  ،جة العددية للمشعل على هيئة صور متحركةذللنم
 للتكنولوجيا الأحدث .  وفقاً قرا و تقييم المشعل تدائها ومعايرة البنية الهندسية لها بهدف ضبط بنية اللهب ليكون مسأبتقييم 

مع استخدام المعلومات المستخلصة من الصور الملتقطة بالكاميرا الحرارية نحصل على معلومات عن التدرج الحراري 
كروسكوبية للموائع تبقى مجهولة فلا يستطيع الباحث او درجة حرارة اللهب لكن بقية الخواص المأللمنظومة المدروسة في الفرن 

 هذا الكودفي المحددة  لإجراء الموازنة المادية والحرارية للفرن تبعا للخطوات 560 رقم الكودلا من خلال تطبيق إاختبار الفرن 
 الاحتراق  عمليةجهزة القياس المركبة على الفرن وعلى التحاليل المجراة على الفرن لضبطأعلى جاهزية مختلف ذلك ذ يعتمد إ

.  فيه
هذا لا يمكن قراءته دون هواء) ، و وة (وقودالمتفاعلالمواد يتأثر استقرار اللهب وبنيته بعملية المزج في المشعل بين 

الاحتراق عملية يمكن تقييم  الفهم العميق لعملية الاحتراق والتداخل بين مختلف العوامل التشغيلية والتصميمية في المشعل لذا
الحصول على يمكن  لكن بالتاكيد  ، العالمية المتوفرة وصور الكاميرا الحرارية كمشغليين للأفرانالكوداتفي الفرن باستخدام 

ركب على الفرن بهدف تقييم او مكروسكوبية للمتفاعلات في كل نقطة من الفراغ الذي تشغله الموائع في المشعل الاالخواص الم
 .يمكن بمساعدة التكنولوجيا البرمجية الحديثة في مخابر البحث العلمي  وذلك تطوير التكنولوجيا الموجودة للرقي بالصناعة
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Abstract  
The shortage of detailed and accurate experimental data on fuel-air mixing in 
furnace is due to difficulty and complexity of measurements in flames because 
there are two aspects to the momentum effects on flame which they are the 
forward momentum normally associated with the average outlet velocity of the 
combustion products and the second aspect is the lateral momentum caused by 
swirl. Following API 560P

1
P guideline for combustion adjustment in furnaces, it 

may be possible to have less emission and a maximum efficiency, but it does 
not consider the potential interaction between several operation and design 
factors. On the other hand CFD P

2
P has an important role by getting a lot of 

important information from the image resolution where the total number of 
elements/points define the detailed level that can be displayed or captured 
in an image from the simulation in comparison with an Infra-Red camera photo 
which gives an indication of what happens but not detailed enough as can be 
obtained by CFD simulations.  
Key words: Cold flow simulation, CFD, Natural draft, swirl burner, NO Rx 

Remission. 
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Introduction  
The purpose of this research is to consider the API560 standard in the 
adjustment of combustion in furnaces along with consideration of the 
application of CFD, gives emphases to the reader of the good idea of general 
behavior of different components of swirl burners (case study) as a basic key 
in the furnace work adjustment. The information of the isothermal cold flow 
simulation from this research should be useful upon consideration of new 
applications or reevaluating exiting technologies as a case study by using NX 
Siemens tool to have image resolutions which are made up of individual 
picture elements making up grid of individual elements. As a result, the 
image resolution is based on two factors: the total number of points or 
elements and the number of such points/elements per unit value for any given 
image resolution, the more points are applied the more detail will be 
displayed so the question is: How many points or elements are really needed? 
There is a single answer to this question, it is that the information from a 
graphic pictures which may be obtained from CFD simulation must not vary by 
more than 5%, for three kinds of mesh fine, middle, and coarse. For computing 
cost it is generally preferable to use the coarse grid. Following the current 
API560 guideline for combustion adjustment does not take into consideration 
the potential detailed interaction between operation and design factors 
especially for the flame which tends to closely follow the flue gas pattern 
inside the firebox. So the complexity of the flame structure is dependent on 
the combustor configuration. The momentum effects on the flames’ structure in 
swirl burners has an impact on the heat flux distribution from the flame jet. 
When the jet is confined, fluid that is entrained must be replaced from 
location further downstream of the jet and an annular zone of reverse flow 
will be formed around the jet [1]. So the swirl burner in this research 
serves as low NOx burner relay on high rates of internal flue gas 
recirculation to lower flame temperature and thermal NOx

• Heater: vertical, cylindrical 210-H1 

 emissions, this is 
typically achieved by maximizing the number of tangential fuel jets and fuel 
gas pressure in spite of flame holder with set of tangential vanes, and 
tangential impeller in the annulus around the central nozzle. By using CFD 
simulation quantitive imaging resolutions can be obtained. Which represent 
macroscopic properties reported as numerical results. So computer programming 
becomes useful because it gives a researcher his ability to interpret the 
analysis results because images contain information about the object which is 
under study, although it is less information than the object itself but it is 
very useful. Moreover measurements conducted on isothermal models with ease 
and high accuracy can be used to test the validity of the theories and 
hypotheses encountered in the prediction methods [2]. Although that the 
difference between the mixing pattern with chemical reactions and that 
without chemical reactions may arise from the fact that the combustion 
process is accompanied by high temperature and density gradients across and 
along furnace and consequently the mixing pattern might be affected to some 
extent [1]. Isothermal condition with no combustion were used to calibrate 
the system, thus the results are of an indicative nature. 
  1- Technical data of furnace and fluid dynamics concepts used in this 
furnace and burner industry (case study) 
Unit: U210-Penex 

• Generated heat in the furnace 0.59×106 kcal/h 
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• Number of burners: 1 Fig. 1 shows the components of this Swirl burner  
Fig. 1 shows the components of swirl burner and its confusor 

• Burner axis: vertical  
• Regulating range of capacity of burner 20%-60% 

• Excess of air nair

• Required type of the burner: refinery gas type with natural draft of 
the air fitted with a gas injector stabilization torch; Hydrogen content in 
the heating gas must not exceed 60% volume, and doesn’t contain any nitrogen 
compounds 

=1.15 

1- Net calorific value: 11000kcal/kg 
2- Specific weight kg/Nm3

3- Flammability limits% 3.4-16.5 
 0.924  

• Temperature in the spot of the burner inlet 30◦

• Heating gas consumption of I burner Nm
C 

3

     For min. output 23.2, for nominal output 58.0 and for max. 
/h 

     Output 69.6                                                                                                                      
• Heating gas overpressure of the burner kg/cm2 

For min. output 0.065, for nominal output 0.405 and for max, output 0.60 
(g) 

• Nozzle placing  
Design 2 of gas head  
Diameter of the head D=38mm, number of nozzles n=12, nozzle diameter 
d=2.8+0.05mm, tangent of the nozzle α=30
• Air deflector  

◦ 

Outer Diameter of deflector d1

• Confusor with blade  

=120mm, fan angles 130×130, thickness of 
deflector 2 mm 

Plate jacket of thickness 1mm, and dimensions as plate 90×788 mm and its 
diameter Ø=251mm  
Con with thickness 1 mm and dimensions 150×370 mm 
Blade with thickness 1 mm and dimensions 103×65 mm 
• Air box Consists of Two cylinders, the internal one is fixed with 
thickness 2 mm and dimensions 804-1×370 mm and diameter 258-0.5mm, and the 
outside is movable one with thickness 2 mm, dimensions 823+2×268 mm and 
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diameter 264+1

From a design point these gates must provide enough air for fuel’s burning 
process. The correlative with maximum amount fuel consumption B

mm.  These two cylinders have the same gates and by moving the 
outer cylinder against the fixed cylinder, changes the air flow area. 

MAX and surface 
area of all gates Fg

 𝐵𝐵𝑚𝑚𝑚𝑚𝑚𝑚  Maximum amount fuel consumption, in our research = (69.6 ×0.924) kg/h 

 is defined by [3] 

𝐹𝐹𝑔𝑔(𝑚𝑚2) =
𝐵𝐵𝑚𝑚𝑚𝑚𝑚𝑚 × 𝑙𝑙𝛼𝛼
𝑤𝑤𝑔𝑔 × 𝐽𝐽 × 𝐾𝐾 

𝑙𝑙𝛼𝛼 Amount of air providing for burning fuel in our research = 14Nm3air / 1 kgfuel 

gas

𝑗𝑗 Area of activated grate = 1 in this case study 
  

𝑘𝑘 Discharge consumption coefficient 0.6-0.75 
𝑤𝑤𝑔𝑔 Air speed through grate 0.5m/s 
- Ambient air temperature, pressure and humidity affect the air flow rate if 
the air temperature increases the air flow rate decreases. As definite 
temperature, pressure and humidity of air increase, water vapor in ambient 
air is decreased and leads to decrease of the percentage of O2. 

 

𝑚𝑚𝑚𝑚𝑎𝑎𝑎𝑎 = �
2𝑔𝑔. 𝜌𝜌𝑚𝑚𝑎𝑎𝑎𝑎 .𝐴𝐴𝑏𝑏2∆𝑝𝑝𝑏𝑏

𝑘𝑘𝑏𝑏
 

So the air 
flow rate through the air box at definite pressure drop by using 
corresponding – state is defined by [4] 

𝑚𝑚𝑚𝑚𝑎𝑎𝑎𝑎 Air mass flow rate kg/s 
𝑔𝑔  Gravitational constant 9.8kg/s
𝐴𝐴𝑏𝑏 

2 

 Cross section area in internal cylinder m
∆𝑝𝑝𝑏𝑏 Air side pressure drop across air box pascal 

2 

𝑘𝑘𝑏𝑏  Pressure loss coefficient through air box 
- The computation of hot air resistance ducts is similar to that for cold air 
ducts; the hot air volume flow rate in furnace often can calculated from [5] 

𝑉𝑉ℎ𝑜𝑜𝑜𝑜  𝑚𝑚𝑎𝑎𝑎𝑎 = 𝐵𝐵.𝑉𝑉ₒ(𝑛𝑛𝑚𝑚𝑎𝑎𝑎𝑎 + ∆𝑚𝑚𝑎𝑎𝑎𝑎 ).
273 + 𝑇𝑇𝑚𝑚𝑎𝑎𝑎𝑎

273  

𝑉𝑉ℎ𝑜𝑜𝑜𝑜  𝑚𝑚𝑎𝑎𝑎𝑎 The flow of hot air m
3

𝑉𝑉ₒ Theoretical air flow Nm
/s 

3

𝐵𝐵 Fuel feed rate kg/s0 
/kg 

𝑛𝑛𝑚𝑚𝑎𝑎𝑎𝑎 Excess air coefficient at furnace outlet 
∆𝑚𝑚𝑎𝑎𝑎𝑎 Leakage air coefficient of the furnace 
𝑇𝑇𝑚𝑚𝑎𝑎𝑎𝑎   Air temperature ◦
-The pressure drop across combustion equipment like a burner etc., can be 
calculated from the following equation [5]  

∆𝑃𝑃 = 𝐾𝐾
𝜌𝜌𝑢𝑢2

2         𝑃𝑃𝑚𝑚 

C 

U = velocity of air at burner exit m/s 
K is the flow resistance factor where K=1.5 for tangential burner and K= 3 
for swirl burner of gas and heavy oil [5] so in our case study for the swirl 
burner K=3 for this CFD model 
- The sum of resistance of all parts of the air duct gives the total 
resistance of the air duct ∑∆𝑃𝑃. If the local elevation above sea level is 
higher than 200 m, the pressure drop should be corrected for the local 
atmospheric pressure. The total pressure drop after this correction ∆𝑃𝑃𝑎𝑎 is [5] 

∆𝑃𝑃𝑎𝑎 = �∆𝑃𝑃
101325
𝑃𝑃𝑚𝑚𝑎𝑎

 

𝑃𝑃𝑚𝑚𝑎𝑎 Is the mean pressure of the air in duct Pa 
∑∆𝑃𝑃 Is the total resistance of the air ducts system Pa 
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∆𝑃𝑃𝑎𝑎 Is the total pressure drop after correction of elevation in this CFD 
model, this correction was not applied because the general design case is 
being considered for swirl burner   
- When ∑∆𝑃𝑃 is less than 3,000 Pa  , 𝑃𝑃𝑚𝑚𝑎𝑎 is taken to be equal to the 
atmospheric  pressure P [5] so this is the case of this swirl burner and it 
was opened to the atmospheric pressure as a boundary condition on one of its 
sides . 
Otherwise  𝑃𝑃𝑚𝑚𝑎𝑎 should be calculated as 𝑃𝑃𝑚𝑚𝑎𝑎 = 𝑃𝑃 + ∑∆𝑃𝑃 /2 
- Natural draft in air ducts in furnace can be calculated from 

𝑃𝑃𝑛𝑛𝑛𝑛 = 𝐻𝐻.𝑔𝑔 . (𝜌𝜌𝑚𝑚´´ − 𝜌𝜌𝑚𝑚´)            𝑃𝑃𝑚𝑚 
𝑃𝑃𝑛𝑛𝑛𝑛 Is the natural draft in air duct 
𝐻𝐻 Is the height between the start and end sections of the duct m   
𝑔𝑔 Is the Gravitational constant 9.8kg/s
𝜌𝜌𝑚𝑚´´ Is the density of air at the lowest point of duct kg/m

2 

𝜌𝜌𝑚𝑚´ Is the density of air at the highest point of duct kg/m
3 

- Adding the natural draft components of all parts of the air ducts, the 
total natural draft ∑𝑃𝑃𝑛𝑛𝑛𝑛 is obtained, so the total pressure drop ∆𝑃𝑃𝑚𝑚𝑎𝑎𝑎𝑎   in the 
air ducts in the furnace can be obtained by subtraction. 

3 

∆𝑃𝑃𝑚𝑚𝑎𝑎𝑎𝑎 = ∆𝑃𝑃𝑎𝑎 − ∑𝑃𝑃𝑛𝑛𝑛𝑛   Pa 
∆𝑃𝑃𝑚𝑚𝑎𝑎𝑎𝑎  Is the total pressure drop ∆𝑃𝑃𝑚𝑚𝑎𝑎𝑎𝑎   in the air ducts in the furnace , 
∆𝑃𝑃𝑎𝑎 Is the total pressure drop after correction of elevation 
∑𝑃𝑃𝑛𝑛𝑛𝑛   Is the total natural draft of all parts of the air duct  
2. The Analysis and Their standard Methods 
-IR camera photos for the furnace 
-Testing the furnace according to API 560 standard which is required for 
these analyses 
1- -determination of NOx emissions from stationary source by Environment 
Protection Agency EPA method 7E  [6]. 
2- Determination of oxygen and carbon dioxide emissions from stationary 
source by Environment Protection Agency EPA method 3A [6]. 
3- Gas chromatography for fuel gas (refinery gas as fuel) and for flue 
gas. 
- Image resolutions by CFD simulation for swirl burner  
3. The results  
- By testing the furnace according to API 560 standard it was noted that: 
There is additional resistance in flue gas flow by partial block in 
convection section as the result of lining material deposited on tubes in 
convection section. The gate in this section was opened and air enters the 
furnace here. It was not possible to get samples for analysis in radiant 
section to calibrate the amount of this leakage of air .Table 1 shows the 
test results. 
- IR camera photos was taken for the furnace. Fig. 2 shows its details 
and it is clear that there is lack of refractories in stack flow and the 
color was not dark for all the structure. The colors indicate temperature in 
Celsius degree. 
- In this type of non-premixed flame , the fuel and oxidizer are coming 
in either side of the reaction zone and the product go out of these reaction 
zone , so the flame is established at allocation where the total enthalpy of 
the reactants present balance the total enthalpy of the products generated 
plus any energy losses . 
Table 1 shows the data which were from the instruments on 210-H1

 

 furnace for 
API 560 tests 
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Fourth 
test 

Third 
test 

Second  
test 

First 
test 

unit 
readin

g 

instrume
nt 

Furnace  210-H1 

17.5 18.25 18 16 m3/ FRCAL32 h The feed in of 
naphtha 

7900 7600 7800 8000 Nm3 FRCAL38 /h The feed in of 
hydrogen 

128 128 130 129 
◦

TI34 
C Temperature of feed 

in 

146 147 148 146 
◦

TRCAH48 
C Temperature of feed 

out 

175 180 180 177 
◦

TI274 
C Temperature under the 

stack damper 

497 482 491 451 
◦

TI46 
C Temperature of 

convection section 

425 420 432 394 
◦

TI275 
C Temperature of 

radiation section 

0.09 0.12 0.17 0.1 Kg/cm2 PIC186 
(g) 

Pressure control of 
gas fuel for 
burner(gauge) 

-2 -5 -5 -6 
mm 
H2

PI45D 
O 

Draft gauge under of 
stuck damper 

-11 -13 -12 -13 mm 
H2

PI45A O 

Draft gauge at the 
bottom of radiation 

section 

-28 -27 -27 -20 
mm 
H2

PI45B 
O 

Draft gauge above  
stuck damper 

-1 -1 -1 -1 
mm 
H2

PI45C O 
Draft gauge under  
convection section 

51.2 54.4 80 67.2 Nm3 FR 190 /h 

Burner line 51 53 50 57 ◦ TI191 C 

0.09 0.14 0.14 0.1 
Kg/cm2

P153 (

g) 

3.4 3.4 3.3 3.7 Kg/cm2 PI150 (

g) 

Pilot line 0.11 0.12 0.11 0.22 
Kg/cm2

PI51 (

g) 

3.6 3.6 3.5 3.8 
Kg/cm2

PIAL49 (

g) 
45+ 
adjusti
ng 
burner’
s  
gates 

60+ 
adjustin
g 
burner’s  
gates 

50 65 % Stack damper opening ratio  

20 21 22 16 ◦ Climate temperature C 

66 66 66 66 % Relative moisture 
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Fig.2 shows the lack of refractories 
 
 

 
So from the photos in fig.3 and fig.4, it was noted that the flame is rumble 
or vibration which is a sign of dangerous instability. This was the result of 
destroyed air deflector vanes. By reaching the critical gas pressure on 
burner line, the flow type will have been changed from subsonic to sonic at 
nozzles exits, and this means that thermal stress destroyed the air 
deflector. This was clear in swirl burner data design that when the reading 
of the fuel gas consumption  FR 190 instrument  on burner line reaching  80 
Nm3/h , the relation between the net calorific value and the gas pressure 
becomes straight . The flame is lifted off the burner and traveled to the 
place beyond the flammability limit extinguish so under certain condition the 
fuel may burn incompletely during one part of the cycle and reignite later 
causing an explosion and this also destroyed the metal structure but here the 
cycle of liftoff and burn back occur many times a second causing rumble or 
vibration such ramble can be a sign of dangerous instability [1]. 
- Usually the emission quantities depends on pollutants content of the fuel 
and is related to fuel consumption so adjustment the combustion as clear from 
red arrows in table 1 decrease the stack temperature and make the fuel gas 
consumption  FR 190 on burner line about50 Nm3/h , so save  the money and 
reduce the gaseous emission . 
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   Fig. 3 shows photo of instability flame 
 

 
Fig. 4 shows flame temperature and its instability 
-Here the NOx 

 

is thermal because the fuel doses not have Nitrogen compound.  

This thermal NOx is controlled by the swirling dynamics to give high flame 
stability tacking advantage of coherent structures such as corner and central 
recirculation zone (CRZ). Coherent structures providing a low velocity region 
where the flame speed matches the flow velocity thus anchoring the flame 
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whilst by the CRZ saving to recycle heat and active chemical species to the 
root of the former increasing their residence time [3]. Allowing the use of 
low equivalence ratio thus giving lower flame temperature as it clear from 
fig.4 and fig.3. 
So according to Zeldovich mechanism it is usual to have little quantities of 
NOx emission because by analysis the flame temperature it was too far from 
1450 ◦C, and it does not easy to have oxygen atoms from their molecules to 
start thermal NOx formation and this result is emphasized by used EPA method 
7E to evaluated its level and it was not more than 45 ppmv for all cases.
In engineering practice, analysis is largely performed with the use of finite 
element computer programs (such as NASTRAN, ANSYS, ADINA, SIMULIA, etc.…) 
these analysis programs are interfaced with computer-aided design (C A D) 
programs Catia, SolidWorks, Pro/Engineer, NX, etc. Numerical simulation of a 
turbulent refinery gas burner diffusion flame were carried out using the 
commercially available software package NX Siemens. 

  

4. Computation fluid dynamics model of swirl burner 
4-1. Physical model of swirl burner  
- The cold isothermal flow simulation where numerically simulated in the near 
burner region where most of the mixing and reaction occur. This is a swirl 
burner with a cyclone recombustion chamber. The fluid from the swirler burner 
is contracted first in the air exit and then it spreads into the furnace by 
using the expansion cone. 
- In order to make the simulation more in line with the actual situation, 
this paper directly create a three dimensional model for a swirl burner with 
natural draft in air box. At first air box simulation was obtained for full 
opening gates upon maximum fuel consumption. By using this simulation 
results, the average air velocity when inter the second part of the model was 
obtained. The second part of the model stands the tangent air swirler plus 
the swirl burner. It was assumed that isothermal air flow into this swirl 
burner. As a result it is a signal-phase homogenous flow and therefore the 
governing equation for the mixture flow can be written according to the three 
equations for fluid flow namely the conservation of mas, momentum and energy 
.The flow was solved in steady-state frame. All walls of the components in 
the model were smooth, bouncy effects on the flow were taken into account, 
and the relative velocity of the fluid at the walls is zero. In this cold 
flow simulation all working fluid are not compressible. 
4-2. Wall y+ Strategy for Dealing with Wall-bounded Turbulent Flows: A wall 
y+ in the range of 30 to 60 is determined to be sufficiently accurate. Where 
the log-law region is resolved. It is also advisable to avoid having the 
wall-adjacent mesh in the buffer region since neither wall functions nor 
near-wall modeling approach accounts for it accurately 
4-3. K-epsilon model for flow in the model [7]: The model contains two extra 
equations to represent the turbulent properties of the flow, the turbulent 
kinetic energy,    and the turbulent dissipation. It is important mention 
that the model containing five constants, which are determined by data from a 
wide range of turbulent flows (Versteeg & Malalasekera, 2007). Since it isn’t 
possible to calculate an exact solution it is even impossible to determine 
the error of the turbulence model. It is significant to mention that CFD 
analysis is never exact due to approximations and modeling errors, and should 
only be used as a complement experiments and theories related to fluid 
dynamics (Wolfshtein, 2009).  
4-4. Result of The image resolution of the CFD model  
 
Fig.5 air box image resolution by CFD simulation  
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 Y+ value of K-epsilon model by use wall function and the resulting air 
distributed velocity in air box and computing  Reynold number is  1.8142E+05 
. From this simulation of air box we get average value of velocity in the 
plane cross at the entrance of the next part of the CFD model. 
- The grid was designed using cold flow solutions. Grid densities were 
lowered below air exit contracted and along the center axis of nozzles. The 
residuals used in this study were therefore adjusted appropriately in order 
to ensure a comparable degree of accuracy between tests. A redesign of the 
mesh including testing would have taken considerable time away from a swirl 
burner model development during an advanced stage of the project, thus 
necessary modification were made to complete with the current grid  
Fig. 6 image resolution of the second part CFD simulation for Y+ value of K-
epsilon model by use wall function and the velocity distribution in it at the 
Computing Reynold number 1.2038E+05 
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- This burner is designed to give high heat release, in short distance within 
its turn down ratio, so in the result, fuel velocity exceed laminar flame, 
and an ignition ledge is used as air deflector and even if the air flows at 
very high speed at maximum fuel rate , the air speed very close to the ledge 
will be small enough , so the flame can establish very close to the ledge 
ignition and be quit stable even over a wide range of firing rate so it is 
necessary to clear this idea by CFD      
 
 
 
 
 
 

Velocity -element –nodal path 1 
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The explanation of this is as the tangential momentum is added to flow, 
radial pressure gradients increase. Essentially the fluid wants to move out 
from the center of rotation, these radial pressure gradients generate a low 
axial pressure zone which then draws material back up into a CRZ. 
 
5. Conclusion  
In this study a tool used to determine the main characteristics of swirl flow 
quantities of the mixing as represent the turbulent properties of the flow, 
one handling the turbulent kinetic energy, and the other one the turbulent 
dissipation, and the CRZ in spite of the wake region of the air deflector 
which related to its shape, size and blockage ratio. So these cannot be 
studied by IR camera or API 560 but only studied by CFD. SO the Scientific 
Laboratory of Researches is nothing without Modern Scientific finite element 
computer programs analysis. 
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