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What is CFD?

CFD is a Tool for
Flow Analysis

It is a simple statement but it

has great implications!

Internal, External, Jet
Viscous, Inviscid

Laminar, Turbulent, Transitional

Subsonic, Sonic, Supersonic,
Hypersonic

Heat Transfer
Radiation

Chemical Reaction
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CFD must not be the final objective

CFD Tool

\ 4

Parameters+Solutions Understanding+Insight

\ g

¥ ¥

Desings+Projects+Tests+Diagnostics
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Overview of CFD Modeling-2

Nature M e Physical Phenomena

researcher e Mathematical Model of the Physical Phenomena

Software
Developer
Engineer :

e Numerical Model of the Mathematical Model

e Computational Model of the Numerical Model

e Human in the Loop

e Results and Post-processing
Industry/Product

(1) Error propagation in the modeling simulation loop; (2) According to Sukumar Chakravarthy, Metacomp Tecnologies, Inc.
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Importance of using the CFD tool

Project Needs

General Rules

v" Flow solution over or inside 3D geometries or difficult to
simulate analytically

v’ Distribution of velocity, pressure, temperature, mass
fraction or dispersed phase

v’ Estimation of heat exchange by radiation between of
surfaces of 3D bodies

v’ Solution of conjugate heat transfer (convection and
conduction) in 3D bodies

v Prediction of interactions between jets - free/confined
or co-axial/cross-flow

v CFD is useful to provide ideas, generate knowledge and
understanding of physical phenomena - INSIGHT

v CFD is an excellent tool to compare
few/critical/selected design alternatives - TRADE-OFFS
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Examples of situations using CFD tool

v There are limitations in accuracy due to the
assumptions of analytical modeling 0-D or 1-D

v There are limitations of applicability range or
geometry of the literature correlations

v' It is required to predict behavior at the conceptual or
design stage before prototype testing

v It is necessary to compare operational conditions and
the geometric configurations of design alternatives

v’ Estimation of temperature distribution in a ventilated
compartment in case of normal operation or failure

v" Analysis of the recovery and flow distortion in RAM Air
inlets for air conditioning packs, pre-coolers or APU’s

v Assessment of structure maximum temperature due to
interface with air conditioning and bleed ducts
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What to avoid when using CFD in industrial application

v Repeat cases already analyzed by
analytical models

v" Run cases of CFD to seek local and
accurate absolute results as validation

v'Simulate cases that does not have
geometry and/or input data well defined

v Generating mesh with fabrication
geometry not simplified

v’ Simulate taking into account all
phenomena present in real operation

v Run cases without defined integral or
mean results

v Validate turbulence models

- == Why

= The accuracy is sufficient enough and/or
the limitations of the model are known

= CFD works well for comparative cases
= Very few situations require validation

= You can not simulate it in a
representative way or it will not converge
due to inconsistent BC's

= The non-important geometry details may
generate solution difficulties

= Some phenomena are not relevant but
generate solution difficulties

= Integral parameters are used in the
design or as design criteria

= [t is typical work of the software
developer and/or researcher
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CFD Simulation Cycle

Problem Definition CFD Execution Post-Processing

v To understand the v To clean/repair the v To solve basic v To get fields/
industrial problem geometry equations (eqs 5) distributions

v To collect operational v To mesh each v To solve turbulence v To get mean/integral
data and geometry boundary condition model (eqs 2, for ex.) results in sections or

v' To make assumptions and v To eventually define v To implement BC surfaces
to simplify to essential prisms layer v To setup Initial v Tom make verification

v’ To simplify geometry v To apply density conditions (sanity checks)

v To model it analytically regions to zones of v’ To setup numerical ¥ To remake mesh/run if

v’ To define consistent interest/gradient settings for solve verification fails
boundary conditions v To set maximum v To monitor residuals v To I-nterpret.results for

v’ To define integral ?F:"Z‘an\)/e_Fir?]Seus convergence project/design .
parameters of the design . v To monitor v To ;uggest changes in
and operating values v New mesh if convergence of fluxes, design .and/or

necessary forces and moments operation

D X D e N C e e

Analyst with practical and Analyst with practical and Analyst with practical and
theoretical base in CFD theoretical base in CFD theoretical base in CFD
Senior Engineer in Thermo-

Fluids Systems

Senior Engineer in Thermo-
Fluids Systems
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Conservation Equation System

= Conservation of Mass (Continuity) - 1 eq.

0 O pu;
Op  Olpw) _

= Conservation of Momentum (Navier-Stokes) - 3 eq.
() | lpws] __Op | O

ot O Ox; Oz,

Newtonian Fluid 9 8u¢+8u3" 2 \V,
ewtonian Flui T = — <047 ViU;
;= H Ox; Or; 3 J

= Conservation of Energy (First Law of Thermodynamics) - 1 eq.

d(pe) Ou;  O(mijuy) o 0(g) . 0T
5+ (e +p) o~ ow + pfiu; + el kax%_

ATS,i



Navier Stokes per Reynolds Time Averaging'-

Application of Reynolds Time Averaging to incompressible flow with constant

properties?
u; = U; + ’U);
= Conservation of Mass (Continuity) - 1 eq.
oU; _ 0
8(1)@
= Conservation of Momentum (Navier-Stokes) - 3 eq.
oU; 1, — oP 0 1 /oU; 0U;
() ) = — 2 .. o= L J
Por TP, Uit i) = =5 g Budi) 8= (axj ¥ amz-)

(1) “Reynolds time averaging is a brutal simplification that loses much of the information contained in the turbulence.” — Wilcox, 2002
(2) Incompressible
(3) See Wilcox 2002
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Turbulence Closure Problem’

v’ 4 equations
v" 10 variables

= 3 average velocity U ;

= 1 pressure p

= 6 Reynolds tensor ’LL;U;

Navier- Reynolds Reynolds Turbulence
Stokes Average Tensors Model
Does not solve Statistical More variables Several models can

Temporal Filter than equations close the system

(1) Incompressible

ATS,i



Compressible Flow'2
L+ 2(R+G1)+ £ (F+Gy) + £(Fs + Gs)
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(1) According to implementation in CFD++ code, Metacomp Technologies Inc, Agoura Hills, CA, USA
(2) Time weighted average for the mass of compressible flows
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—

Energy

Mass

Momentum

ATS,i



Sample List of Turbulence Models'-?

Goldberg's One-Equation Rt

One-equation Spalart-Almaras (SA) model
Two-equation realizable k-epsilon model
Two-equation k-l model

Two-equation non-linear (cubic) k-epsilon model
Two-equation Goldberg's realizable g-L model
Two-equation SST model

Two-equation R-y transition model
Three-equation Goldberg's k-epsilon-Rt model
10. Three-equation Goldberg's k-epsilon-f_mu model
11. Two-equation k-w model

12. Two-equation Realizable k-w model

13. Four-equation Langtry-Menter transition model
14. Seven equation second moment closure model

WP HS A W=

(1) According to implementation of CFD++, Metacomp Technologies Inc, Agoura Hills, CA, USA
(2) Time weighted average for the mass of compressible flows ATS I
4



CFD System Equations

Number of Equations Coments

Conservation of Mass 1

Conservation of Momentum 3

Conservation of Energy 1

Turbulence Model k-¢ 2 k - Kinetic Energy

¢ - Turbulence Dissipation

Equations 7/

Variables 7 P, uvw,Tk, ¢

System Closed ! It can be solved.

ATS,i



Example of Flow with Several Reynolds/Machs

Jet from bleed e Transonic, Sonic, Supersonic Flow
leakage or from e Jet expansion region
piccolo e Convection near the jet

Compartment or
Leading edge
D-Bay

Subsonic and/or very low Mach
Recirculations
Flow exhausts

Low Reynolds — boundary layer
Wall function or solve to wall
Roughness

Regions with different flow regimes - the solver needs to be general/unified

ATS,i




Properties for each Component/Substance’

v' Thermodynamics

. Perfect Gas - state equation and polynomials (NASA)

. Real Gas - state equation and polynomials (NASA)
v" Transport of Momentum, Heat and Mass (u, k, D)

Fukl Properies: Help ' Please choose gas from the following list. You may do so by
double-clicking the left mouse button on the proper entry.
Chuysen (i rome:

M Viscesity [ kg/(m 5] ) . =
Dia—— o 1o0e e B
—_——— Ar Ar
Mul, wesght {dimessional ) 20550000 | {005 il ]‘[eghm
Unrversal gas constand: 5140 (kg M2 N{"2 mole K} g 4.00e-05 CoH2 .\thy;:ze
Hase prossue lovel: [ﬁw;“z:ﬁwﬁ 200805 C2HE Ethane ~
Lasminar Schenidt Humber: 0.T0I000 1000 P 3000 4000 G000
Pressur Achinng " Temperatune This gas has the following properties: 3
Law (3L} P \ors: (D i Therm. Cond. | ky meé{s"3 Kj or Wim K} ) Symbol Adr
1 Slis-01 T Mol. Weight = 28.95
[ — Thisrmsl Cemeutiaty : ez Sp. heat ratio =1.4
Reference Visc.: |1 7160000-05 kOi®s)  Refersnce Therm. Cond.: [2410000s-02 ke mijs™3 K} or Wigm K) 3 [ Vi;c. ref. = éﬁ?g;-us
o | K K Ref. Tem. = o
Relerence Temp.: :2:".1 110000 Relerence Temger b - |Z?3 110000 a.00e-02 Sutherland Con. =111.0
Refermce Cowst.- |111.002000 [ S — [154 0000oa | Thexrmal Cond. ref.= 0.0241 o
Sutherland Gon. = 194.0 hd
Inchain binyancy affecis: e Y &

Fecept and Exil hoose Aukd Detauts | Cancel Lipsiatn Pty Help | Close | |

(1) Second Implementation of CFD++, Metacomp Technologies Inc, Agoura Hills, CA, USA
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Conjugate Heat Transfer(solid+fluid)?:2

Computational mesh in the fluid
Solve Convection

Heats solid

Computational mesh in the solid
Solve conduction

(1) Second Implementation of CFD++, Metacomp Technologies Inc, Agoura Hills, CA, USA
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Conjugate Heat Transfer?

T
B.5000e+02
. Flow 280 K
F.3A760e+02
X Flot

6.2520e+02 30728404 1 ,m

GQdot
5-12”&4‘02 2.048e+04
A.0050 e+ 02 1.024+04

L ]

. £ BR0e+02
1 q

t Cools Solid . -
AB.2000e+02

! _2.0:450-+0.1 | EHSSRURRO SRS SO SOS SO SO

Heat flux

B.A4900e+02
3.072e+04
B.AB00E+02 X
Heat Flux
B.4700e+02
Zero-Sum
B.A800e+02

asoge0z Solid 850 K
(1) Second Implementation of CFD++, Metacomp Technologies Inc, Agoura Hills, CA, USA
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Conjugate Heat Transfer with Radiation’

T
f.5000e+02
o
B.46002+02
B.A200e+02
A.3800e+02
B.300e+02
- B.3000e+02
T
B.5000e+02
—
BA800e+02
BAZDDE+D2
B.3800e+02
B3400e+02

- B 3000e+02

With radiation

Without radiation

Heat Flux

2.046e+04 -

1.024e+04 {4

-Z.048e+04 - 4

R AR T R e AT
-6.250e-01 0.000e+00 6.250e-01 1.2508+00 1.675e+00 2.500e+00
X

Heat Flux

Difference is Radiation

(1) Second Implementation of CFD++, Metacomp Technologies Inc, Agoura Hills, CA, USA
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CFD Applied to Aircraft System Design

Importance of using CFD tool

Mathematical Modeling

Expected Results of the CFD Simulation

CFD packages, pre and post-processing
Example case, step-by-step in CFD++

Other examples of application of CFD++ in Industry
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Typical Results of CFD Simulation

v Specific/Local Results

o Length of the recirculation region
o Location of hot spots

v Integral Results

o Flow, Velocity, Temperature, Pressure in the sections of
input and outputs

o Pressure and Temperatures on surfaces

v' Differencial Results

o Field of the variables solved by CFD: velocity, pressure,
density, temperature, turbulent quantities (k, e)

ATS,i



Design and

Draft

¢ Trade-offs with

various cases

Define Project
Parameters

Simulation
simpler and faster
with less
precision than
other phases

e Few Design or

Critical Cases only

¢ Predict and

Optimize
Performance

e More detailed

and accurate
simulation than
previous step

Expected Results for Product Phases

e Some

representative or
similar cases

Support the
definition of Test
Case Matrix,
change the scale,
predict difficulties
before the test

Detailed
simulation and
accurate enough
to represent the
test

A CFD model for each phase

Operation

Couple few cases

Make Problem
diagnostics and
predict
performance of
the operational
condition

More detailed
simulation than
other phases but
it is still simplified
in order to allow
solution in
reasonable time

ATS,i



CFD Applied to Aircraft System Design

Importance of using CFD tool

Mathematical Modeling

Expected Results of the CFD Simulation

CFD packages, pre and post-processing

Example case, step-by-step in CFD++

Other examples of application of CFD++ in Industry
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CFD Packages

v Preprocessing
o Computational Mesh Generation

v Processing
o Solution of the Flow Equations

v" Postprocessing
o View fields/distribution in 1D, 2D, 3D
o Integration of variables
o Extraction of parameters or variables of interest

Integrated packages vs. Segregated/Independent packages

ATS,i




Pre-processing

v Element Mesh Type

o 3D Tetra, Hexa, Prisms, Polygon
o 2D Tria, Quad, Trap

v' Mesh Type

o Structured (matrix ij)
o Unstructured

v' Other characteristics

o Density Boxes
Refinement by curvature
Prisms Layer
Global and Local mesh sizes
Chimera

o O O O

QUALITY?
Mesh needs

work for the
Solver

ATS,i




Processing

v Solver RANS
Euler - NS inviscid

Interpolation
Preconditioned
Local/Dual Time Step
TVD
v Implementation

o Realizable Conditions

O
o Compressible
o Incompressible
o  Mixtures of Substances
o Lagrangian or Eulerian multiphase
v Properties Accuracy,
o Perfect Gas Robustness,
o Real Gas Speed in
v" Numerical Methods various
o 1stor 2" Order regimes
O
O
O
O

ATS,i




Post-processing

v View

AN

AN

Contours and Iso-values
Streamlines
Cuts and Plans
Animation
Mesh and Geometry
utomation for many cases
Scripts
Macros
Python
Add-ons
alculations
Flow variables not measured by the solver
but obtained from the primitive variables
o Integrals, averages , derivatives, gradients
Areas and normal vectors
o Forces and Moments

@)

O MNNO OO O »O O OO0

O

Needs to be

easy to use
and automate

ATS,i



CFD Applied to Aircraft System Design

Importance of using CFD tool
Mathematical Modeling

Expected Results of the CFD Simulation

CFD packages, pre and post-processing

Example case, step-by-step in CFD++

Other examples of application of CFD++ in Industry
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Airfoil - Aerodynamics Coefficients by CFD++

v' Outline:
o Experimental Data
o Geometry
o Mesh:
o Prisms Layer
o Density Boxes

o Flow Analysis
o CFD Results

Work by ATS4i with CFD++ licensed by Metacomp Technologies Inc. ATS I
4



Experimental Results - NACA RB. L5K02

v" Cl vs Alpha and Polar - Experimental Data

Leading-edge
roughness
R

a.c. positiom
c v/
0.278 0.020

i Jidk : 5 B H

(a) B8ection 1irft, drag, and pitching-moment data

Figure 2.- Aerodynamic characteristios of the HAGA 8-H-12 airfoil section, 24-inch chord;
LTT test 350.

Work by ATS4i with CFD++ licensed by Metacomp Technologies Inc. ATS4I



Experimental Results - NACA RB | 5K02

v Cpvs X/C for Cl =0.57
v' Alpha = 3.937 2k

ol LA

@ Tpper surfac
\(' ,—tm Lower surfac

@

1.6

s 1.2
18 fﬁ""f‘c
- 'l" NATIONAL ADYISORY
COMMITTEE FOR AERONAUTICS
0
0 .2 b 6 8 1.0

x/c

{b) Pressure distributlon for agaign 1ift coefficient,
3]; =0.57; R = 2.6 x

Work by ATS4i with CFD++ licensed by Metacomp Technologies Inc ATS4]



v Airfoil N8H12 v

0.1

0.08 - i

0.06 -

0.04 ¢ e

0.02 G

-0.02 =

Y Distance per Chord
/1

-0.04

0 0.2 04 0.6 0.8 1
X Distance per Chord

Work by ATS4i with CFD++ licensed by Metacomp Technologies Inc. ATS



Mesh

MIME mesh generator - unstructured
Mesh with 422000 tri-quad elements, of which 62000 are quadrilaterals,
with a circumferential domain of 48 meters diameter, this is 78 chords

v
v

Work by ATS4i with CFD++ licensed by Metacomp Technologies Inc.



Quadrilateral Layer

v' First layer = 4.0e-06
v" Number of layers = 47

Work by ATS4i with CFD++ licensed by Metacomp Technologies Inc.



Density Boxes

v" Critical Zones:
v'  Leading Edge
v' Trailing Edge

Work by ATS4i with CFD++ licensed by Metacomp Technologies Inc.



Flow Analysis

v" Two Reynolds:
v Re =1.8E6 - Mach =0.12
v' Re =2.6E6 - Mach =0.18

v Pressure Coefficient for Re = 2.6E6:
v Cl=0.57
v' Alpha = 3.937

v" Cl vs Alpha and Polar for two Reynolds with:
v" Alpha angle from -25° to 25° with a step of 0.5°

v Turbulence Models:
v' K-€ Fully Turbulent Model
v' Langtry-Menter (L-M) Turbulence with Transition Model

v Euler just in Pressure Coefficient cases

Work by ATS4i with CFD++ licensed by Metacomp Technologies Inc. ATS4]



Results - Pressure Coefficient
v Cl=0.57

1.2
— ] CFD++ - Eular
5 ] CFD++ - Fully Turbulent
0.9 -4 @ CFD4+ - Transltlon LM
— O XFoll
%‘ o Experimental
."\.
- Y
= S
@ 03 \
T |
— — ——ps \_M —
.Ej r S \\\\:‘\"Nhr' =
el M P ?\:
Q 0=
o
a .
"y
0
Y
o A
me
ey o5
_ o [+, 4
06 [ v bl
e
4
iy e
09 3
g
1.2
04 0B 0.8 1

X Distance Per Chord

Work by ATS4i with CFD++ licensed by Metacomp Technologies Inc.
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Results - Pressure Coefficient
v' Alpha = 3.937

1.2
L] CFD++ - Ellar
) CFLQ ++ - Fully Turbulent
0g . CFD4++ - Transltion LM
XFoll
Experimental

06

0.3

ERRRENERA
“igee 7
ra

.
T '_
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i BEEIR LS ;
£y

Pressure Ceefficient
[ ]

0.3

-06

THILLIIT
T

/.

-0.9

12 0 02 0.4 06 0.8 1

X Distance Per Chord

Work by ATS4i with CFD++ licensed by Metacomp Technologies Inc. ATS‘”



Results - Cl vs Alpha and Polar
v" Re =1.8E6

16 0.14
..n—lnq
——=—— CFD++ Fully Turbulent - l ‘.-. —=a—— CFDO++ Fully Turbulert
——&—— CFD++ Transltlon LM e . T —&—— CFD++ Transltlon LM
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’ * ", Lol ¥
“| .5 1
o K 3
¥ F 0.1
08 47 o1 Ka —
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¢ = ] |
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& Il 2 008 T
- Q . T
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= o T T
U - " &
g 0.4 5 3 R
Qo ;K NI
& 4 D 0.06
- ¥ 5 K
A (] " -
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Work by ATS4i with CFD++ licensed by Metacomp Technologies Inc.



Results - Cl vs Alpha and Polar
v Re = 2.6E6

16 . D14
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CFD Applied to Aircraft System Design
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Expected Results of the CFD Simulation
CFD packages, pre and post-processing

Example case, step-by-step in CFD++

Other examples of application of CFD++ in Industry
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Industrial Problem

* Study Goals « Consequences:

* Replaced the liquid heavy fuel oil
(FO) with natural gas (NG) in the

* It increased deposition of material on the

pelletizing furnace. bottom of the chamber, which were
melted and syntherized;

° Why Industrial Case? * It eventually leaded to partial blockage of

* Because the industrial customer combustion chamber and increased the

published the study with ATS4i in a
Tecplot-ATS4i webinar, so no

proprietary issues * Significant increase in the diameter of the

* Other aerospace works can not be combustion flame, touching the bottom
shown due to proprietary restrictions
from customers

maintenance frequency;

and heating up your walls;

Watch the Webinar On-Line:
http://www.youtube.com/watch?v=cPxXyRxnRt4

ATS,i


http://www.youtube.com/watch?v=cPxXyRxnRt4

ion Chamber

10N

Combust

Synterized/Melted FeO

DOWNCOMER AIR

3
L=
|
i

Mean center flame distance to
lower refractonywall

Y =2640
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Important Physical Phenomenon

« High momentum unbalance streams the flame is deflected and became

closer to the wall;
v Higher upstream pressure of air when using liquid fuel than the NG upstream pressure;

v Heavy oil sprays mass density higher than natural gas density;

 Momentum depends on: pressure, velocity, density and area of the stream

» According to Lefebvre, the deflection of the jet depends of ratio of
momentum flux between the jet and mainstream cross flow, which is

defined as J:

_vaav ey IN the case of the free jet, the trajectory can be
described by a semi-empirical one-dimensional

' correlation: v ¥ \©
. = A = Jil'b # -
Local entrainment 2 T E_J.E:'

-

Deflected jet

For cross flow : A=0.85, b=0.5and c =0.33

ATS,i



* Find a new burner design which minimizes the operational
difficulties caused by the melting and synthering of FeO in the
combustion chamber.

* CRITERIA: to increase the distance from flame to the bottom wall

and, therefore, decreasing the temperature in the bottom region
where particles accumulate or accrete;

« HOW: Increase the momentum flux ratio between the burner jet
and the downcomer duct AND increase the jet tilt angle;

ATS



Nozzle Configuration

* The dimensions and operational parameters for configurations A, B, C, D
and E chosen. The parameters shown on table below calculated on the
previous model.

Nozzle Diameter rho Discharge Velocity n Momentum Flux Ratio Momentum
Config. [mm] [kg/m3] [m/s] Jet [Pa] (Jet/Duct)
A 24 0.769 236 42830 132
B 18.8 0.812 341 94420 290
C 27 0.757 194 28490 87
D 21 0.789 291 66813 205
E 14 0.867 431 160756 494

eir
P zir
Tair
 Momentum Flux Duct = 325,55 Pa. l
—
miMG

- E{}T"E ........................ B IR
FNG




Packages used in CFD Solution

* Solution Collection Details < Post-Processing

* Mesh: MIME METACOMP * Tools:
e Unstructured * Tecplot 360 EX
Tets with ori | * Chorus
¢ 1ets wi rr<sms layers . . .
. . ﬁ. 4 v * Evaluate design space to identify
Density cylinder regions optimal design and angular
* Solver: CFD++ METACOMP setting
« Compressible Real Gas Solver * Determine the physical drivers

impacting system performance

* Create system views to
communicate results to

* No combustionl
K-epsilon-Realizable

* Fully Turbulent customerSolution

* Specie CH4 at Ty, * Space

* Species N2,02 at T, * 5 Nozzle configurations
* 6 Angles

(1) For a qualitative reference, at 20°C and atmospheric pressure, the stoichiometric limit for CH4 combustion is
5.5%, the first and second limits of flammability are 3% and 11.2% in mass fraction.
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Computational Mesh
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Boundary Conditions

-
~ -
miG + mAR h"h
INLETS ~ o
- . - -
e - -
Mean center flame distance to
lower refractorywall
Y =2640
[=
Air str2am
MAir
..................................... NG steam
Hgn
) Air stream
D&ir
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Matrix of Results
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Results: CH4

« Natural Gas mass fraction, on symmetry plane, no combustion, for
nozzle configurations at zero degrees of inclination

Nozzle
C

—

Nozzle
B

Nozzle
E
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Nozze B for inclination angle of 10 degrees

« Comparison between the original nozzle - C and the chosen nozzle -B
for inclination angle of 10 degrees.

CH4 Slc: Z=0.4
. CH4 Slc: 2=0.8
F CH4 Slc: Z=04 I g:: g:cf sﬂ:
035 CH4 Slc: 2=08 0.3 c: 2=1.
r CH4 Sic: Z=1.2 L ’\ CH4 Slc: Z=3
| - CH4 Sle: Z=4.2
I CH4 Sle: Z=15 I
0sF CH4 Slc: Z=3 025
I CH4 Sic: Z=4.2
025 I
02
Io2 * |
© N I Co.15F N I
0ZZIE ; ozzle
C / B
0.1 i /
0.05 0.05 [ ya / \
B A
I P . S
pe_——-- —= |
0.5 1 -0.5 o] 0.5
Y ¥
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Nozzle B vs. Nozzle C (”Baseline”)

v’ Jet Center in relation the geometry (1)

v'For maximum mass fraction, position in Z

in relation to the distance from the wall

of the chamber (2)

v'For a mass fraction of 3% position in Z in
relation to the distance from the wall of

the chamber (3)

Mass Fraction of Center Jet x Vertical Distance

. r 1

0.31 /

0.26 / r
/]

=
I
G021 / / —o—Original

: S

0.01

Mass Fraction 3%

0.65 3
i
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\ == Proposed

e Y
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w
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o
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o
o
w

o
[y
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I
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0.65
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B :
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\ \l\. —B—Proposed

14 2.4 3.4

Axial Distance {m)

o
I
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Caution! Minimum Distance is not the center
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Project Selection vs. Optimum Mathematician

Nozzle B - 10° inclination

* 10° presented improved results in relation to 0°

* For 10°, ATS4i developed only an insert to modify the burner duct lance
(quick and cheap) - patented by customer

* Nozzle B at 15° presented improvement, however, it would require a new
burner duct lance (non-economical)

e Gain with 15 degrees is small when compared with 10 degrees

* Nozzle E is the mathematical optimum but actual solution would require a
new spring in pressure regulator valve (non-economical)
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Industrial Results

Original Nozzle C New Nozzle B
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(1) Industrial patente also generated in this work :
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http://www.ats4i.com.br/en/publications/files/WhitePaper_Presentation_Rev1_Final.pdf
http://www.ats4i.com.br/en/publications/files/Athayde_etal_ICSTI _newBurnerDesignWithCFD.pdf
http://www.ats4i.com.br/en/publications/files/ASME Turbo Expo 2011.pdf
http://www.asmeconferences.org/TE2011/ConferenceSchedule.cfm
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