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Master Thesis

A Master Thesis at Technische Universitat Berlin

- Supervi si leaohgdbigtf ¢t he ERperi mentell e Str°mung

- Investigation of thermoacoustics in combustion systems by Jun.-Prof. Dr. J.
P. Moeck

- Determine Flame Transfer Functions (FTF) amongst other things

A Content of the Master Thesis

- ADetermination of He a't Transfer Functi ons
onlDCFDO

- Simulation of thermoacoustics in a Rijke Tube with ANSYS CFX

- Finding a model to represent the effects of heated wires in a fluctuating flow
- Determination of a simple mathematical model

- Simulate a Transfer Function for the heated wires, from the idea of FTFs

A Thesis was written in cooperation with CFX Berlin
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The Rijke Tube

. "
A Singing Tube (19t century) s \ /
- Pipe with a compact heat source in it which Fipe
generates an audible sound [ peouste

- Heat source inducts convective flow
followed by an acoustic disturbance

Heated

- Reflection at the pipe ends leads to an T cewe
acoustic oscillation '

- Acoustics disturbs heat source, fluctuating
heat source disturbs acoustics again

Convective Flow

- Feedback loop
- Standing wave at the pipes resonance

. =L
frequency self excites '
- 0.4 mlong pipe*x 500 Hz :
p' = p(x)coswr
. r=10
t Thermoacoustic resonator :
, 1 dp sinwt
(T dx Pow
x=-—L 1‘0
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Motivation

Vel. v [m/s] [K] Temp.
| o _ B o B
A Reduction of the simulation time of thermoacoustics .
1.2 1000
10 900
0.8
- Simulation of thermoacoustic effects could replace cost e ol
intensive experiments 02 600
gg 500
7014 400 I
- Reduce complex 3D physical problem into 1D mathematical ™
model
Vel. v [m/s] [K] Temp.
2.0 1300
- Modeling the heat release rate in a fluctuating stream I 18 o
lj 1100
. . 1.2 1000
t No wires needed to be simulated 10 00
2‘2 800
0:4 700 I
t Lesser mesh elements needed o
: 500
Ej 400 I
t Less computational power needed
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Rijke Tube in ANSYS CFX

0.1m

A Geometry -
- A section of 6° of a vertical pipe .Ni"?
- Length: 0.4 m, Diameter: 0.035 m
- Ambient volumes at the top and bottom with a radius of 0.1 m
- 5 heated wires at ¥ of the pipe length with a diam. of 1.5 mm

A Fluid domain setup
- Compressible air from ANSYS CFX database
- Heat transfer model: Total energy
- Turbulence model: (none) laminar
- Buoyancy model

2 mm

A Buoyant

2mm

A Gravity Y Dirn.: -g

T

A Ref. density: m

36. CADFEM ANSYS Simulation: Conference
B.Sc. Dennis Paschke October 10 i 12,2018,  Congress- Center Leipzig

0.6 m

0.1m

0.3m

0.1lm 0.1m

Slide 5




Rijke Tube ANSYS CFX

A Boundary conditions
- Pipewall: DefaultAno sl i pfA Wall .
- Symmetry planes: Symmetry condition "

- Ambient volumes surfaces: Opening condition
A At ambient pressure: 1 atm
A Opening temperature: 300 K

- Wires surfaces N
AANol i piAd Wal l
A Fixed temperature: 1300 K, 1800K and 2300 K

A Solver setup
- Default settings
- MAXresidual < p T
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Simulating the Rijke Tube

A Steady-state simulation with 1300 K wire temperature
- Velocity: 0 ™ i 7Q U m d 70

-  Temperature: Y o mn+Hh"Y T QF Vel. v [ms] K] Temp.
- A - ~ 2.0 1300
- Massflowrate:d o UWp T E PO l
1.7 1200
1.5 1100
Vel. v [m/s] [K] Temp.
I 20 1300 . 1.2 1000
7 1200 [ 0 000
15 1100 -
1.2 1000 0.7 800
1.0 900 .
.‘ 0.7 800 H 04 700
- 04 700 | 0.2 600
0.2 600
0.1 500 0.1 500
I -0.3 400 I
06 00 -0.3 400
-0.6 300
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Transient Setup in ANSYS CFX

A Solver Setup
- Default settings
- Coefficient Loops: min. 2, max.15
- Max Residual: p

A Calculation of the time step size

- Resonance frequency "Qwas calculated considering the temperature jump
through the heat source beforehand

- Yo — O

- Yo o @ i forall simulations

2 300 1000 1500 2000 K
Q 434 489 511 529  Hz

J

Yo i 46 41 38 us
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Transient Simulation of the Rijke Tube

A Start from Ambient Conditions with 1300 K wire temperature
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Transient Simulation of the Rijke Tube

A Start from steady-state solution
- Wire temperature of 1300 K
- Oscillation starts immediately
- Limit cycle is reached 1 s earlier
- ANSYS CFX can represent thermoacoustic oscillations
- 3 ssimulated time+ 3 day real time at 4 CPU Cores

Start from ambient conditions Start with steady-state solution
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Transient Simulation of the Rijke Tube

A

Also instable at higher temperatures

- Higher mean flow velocities and heat release rates 1000 K 482 Hz

- Higher amplitudes
. : 1500 K 501 Hz
- Limit cycle is formed faster

- : : 2300 K 516 Hz
- Enough energy input to stimulate more frequencies
1800 K wire temperature 2300 K wire temperature
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A Simple Heat Transfer Approximation CFX

BERLIN

A Reduce a complex 3D instability effect to an approximated 1D mathematical
context
- Context: 0 (0)x 0(0)
A 0 0 is the heat release rate over the wires

Ve

A 0(0) is the velocity straight before the wires in pipe-axis direction

_ Decomposition of 540 () 0@ 0 (6)

0.65 1.65
- Decomposition of bgp(0) V() 0 (0
A 0(©)* 000 0.60 - 1 60
AD ¢ v 1
A 17 time delay between 0aand U 0 - 155
E =
- Model: 0 o Op:Ij O OC:I) (C‘) T) = 0507 -1.50 -y
A Op = 0.45 | L 1.45
A@ —
0.40 - 1.40

T T T T T T
1.800 1.801 1.802 1.803 1.804 1.805 1.806

Time [s]
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F1, F2 and WDetermination

Amplitude

A Time development was observed

Stable mean at the beginning (low amplitudes of
Landve

Small change when quctuation~ampIitudes grow
bigger, due to a mean shift of 0

Stable mean at the limit cycle

F1 and F2 are calculated by taking the mean at
limit cycle part

Wis calculated via phase angle between U and 0
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ANSYS CFX Model without Wires

A Wires are replaced by Subdomain
- Isotropic Loss Model with U set (flow resistance through wires)
- Total heat source term activated
- Source:0 6 O O OQY (0 1)
- 0 - area average at plane below the wires
- Source defined via User Fortran routine

A User Fortran Routine
- Routine stores 0  for 20 periods

- Calculates ,V0ze ,0 andDee

- Returns:0(0®) 0 Oee
Subdomain

~

Heat Input: 0 ©
t 0O Op o6 Oy (O 1) e

areaAve(L 0
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