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Introduction

Computational Fluid Dynamics
* The basics
* Setting up a simulation

Turbulence Modelling
* Methodologies
* RANS Models

Third Year University Project —Exhaust System Model
* How it was done

* The results

* Possible improvements



Computational Fluid Dynamics



CFD: Applications

Aerodynamics

Heat transfer

Weather prediction

And much more!

ENGYS - Simulating heat transfer Multiphysics with HELYX.

07:00 Monday ‘ i

BBC Weather

KLM UK Engineering




CFD: Navier-Stokes Equations

For incompressible Newtonian fluids:
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Turbulence Modelling






Turbulence Modelling: Methodologies

RANS
=5

idealsimulations.com - CFD modelling of a turbulent jet using different approaches.



Turbulence Modelling: Reynolds Averaged Navier-Stokes (RANY)

* Approximations must be made to close the RANS equations.
* Different models exist such as k-epsilon and k-omega SST.

* Two equation models solve a pair of transport equations.

RANS




CFD Simulation: Setting Up

* Domain — 2D, 3D, axis-symmetric

* Meshing — structured, inflation layers

* Boundary Conditions — pressure outlet, velocity inlet

* Models — k-omega, k-epsilon

* Settings — compressibility effects, steady state, ideal gas, fluid properties such as
temperature, number of iterations & convergence criteria.



The Project

British Railways - Performance and Efficiency Tests with Exhaust Steam Injector, Bulletin No.6.



The Project: Exhaust Systems Research

|. REGULATOR HAMDOLE 14, LARGE SMOKE TUBES
1. REGULATOR ROD 15, SMALL SMOKE TUBES
3. ROOF STATS 5. WATER SPACE STAYS
4. MAIN STEAM PIPE I7. WHISTLE

5. TRAMSVERSE STAYS 18, BAFFLE PLATE

6. SAFETY VALVES 19, SLIDING FIREDOOR
7. LONGITUDINAL STAYS 0. BRICK ARCH

B, REGULATOR YALVE BODY 21. FIREBARS

9. REGULATOR VALVES 23, ASHPAM

10, SUPERHEATER HEADER 13, BLASTRIPE

I, STEAM PIPE TG CYLINDERS 24, SMOKEBOX DOOR
12, SUPERHEATER ELEMEMTS 15, BOILER CASING

13, FUSIBLE PLUGS 8. FRONT DAMPER DOOR

British Transport Commission - Handbook for Steam Locomotive Enginemen.

. FIREBOX STEADY BRACKET

28, SMOKEBOX

5. TOF FEED COMMECTION &
CLACKS

30. DELIVERY PIPE

31, STEAM MAMIFOLD COLLECT-
IMNG PIPE

32 STEAM MANIFOLD

33. STEAM COLLECTOR

MOTE:—THIS TYPE OF ENGINE IS
FITTED: WITH A MULTI
VALVE REGULATOR



The Project: Exhaust Systems Research

Iic. 1. Fic. 2. Fic. 3. Fic. 4. Fic. 5. Fic. 6.
Without chimney Without chimney With chimney With chimney With chimney With chimney
extension.  10lb. extension. 51b. extension. 10lb. extension. 51b. extension.  10lb. extension. 51b.
pressure - jumper pressure - jumper pressure - jumper pressure - jumper pressure - jumper pressure - jumper

in operation. in operation. wedged down. wedged down. wedged up. wedged up.
Fic. 16.

Gives SiIx ViEws oF Exmavst STEaM UnDER VARYING CoONDITIONS, ILLUSTRATING MR. DEWHURST's REMARKS.

M.M. Loubser, E.S. Cox - Locomotive Boiler Design: Theory and Practice.



The Project: Geometry

|

=

G

¢ OF BoIErR

A -HEIGHT OF CHIMNEY ' FROM SMOKEBOX _ TOP

DISTANCE FROM_TOP OF CHIMNEY TO SMALLEST DIA.
OF _CHOKE

DISTANCE FROM_SMALLEST DIA. OF CHOKE TO BOTTOM
oF _cont

[o]

SMALLEST DIA. OF CHOKE

DIA. INSIDE __BOTTOM OF COWL

INSIDE _DIA. OF BLAST PIPE TOP

Fla[H][T]L ™ [remeas

AE [ 1-78|i-242]) 108" | 35" [1-0B]

1:0*

Ag' | 1-78" [i-242] 108 | 38" [I-03"

4z | 1-8R |- 23 I-

(2]
&

I RN

T 43 1-93]1-3511-0F] 6" | 10"

AT | 1-9%]-3571- 03] 6 | 10"

1 48 1o 48] 10F| 42" ]1-3%]

55 |I-108]I-4"| 8% | 35

1-38)

53| 1-ofli-s%] si'l 28’ [1-3°

S8 1-a8]-55] 65" | 38" |1-3"

DISTANCE FROM BOTTOM OF COWL TO TOP OF BLAST PIPE

DIA. OF CHIMNEY TOP

HEIGHT OF BLAST PIPE_TOP

Zr 9z p 1 oMo

HEIGHT OF BLAST eiPs

DISTANCE FROM BOTTOM OF CONL TO BOILER CENTRE

ALTERATIONS

CLASS

MACHINE SURFACE Y/ GROUND SURFACE W
WELOING SYMBOLS TO BSS. 492, SECTION 7,

ALL SCREY THREADS O BE TO BSS.84{med)
UNLESS OTHERWISE SYATED

DIMENSIONS OYER TO OR BETWEEN MACHINED SURFACES
FOR WHICH NO LIMITS ARE GIVEN TO BE .00 INS

(4
13}
Y
139
THIS _ORAWING APPLIES TO THE FOLLONNG CLASSES | . 2g
T P FOR Nt PEI s TYP [FOR Nt PER| .
CLASS|TYPE levcine 5:5CLASS |TYPE are sl | RELATIVE  DIMENSIONS OF CHIMNEYS
g {egean P E UINERS AND BLAST PIPES
E —G-2r S 2-10- )
4 -G -0
4 Teeoa] BRITISH RAILWAYS
roTEs: LOCOMOTIVE DRAWING OFFICE

SL-ON - | - 1128

SCALES:

CATE

5-4-5S5]

British Railways - Drawing No.SL-DN-1-1128




The Project: Geometry
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The Project: Meshing/Discretisation
* Required y+ value changes depending on turbulence model.
* Inflation layers used to create a finer mesh near the wall.

* Grid independence test performed to optimise mesh.




The Project: Meshing/Discretisation




The Project: Boundary Conditions
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The Project: Boundary Conditions

Some initial simulations to investigate boundary conditions:

Ansys

Velocity 2023R1 Velocity I\r;osﬂyg
2.714e+02
- 2.544+02 ! 2.720e+02
- 0.375¢+02 2.550e+02
- 2.205e+02
- 2.035e+02
- 1.8660+02
- 1.6960+02
| 1.527e+02
| 1.357e+02 |
: 1'(1)?5752:82 - 1.190e+02
- 8.481e+01 - 1.020e+02 0y
- 6.785e+01 —— - 8.501e+01
5.089e+01 - 6.801e+01
3.392e+01 5.101e+01
1.696e+01 3.400e+01
0.000e+00 1.700e+01
[m sA1] 0.000e+00

0800 (m) 0600
i

0,600

Velocity inlet, velocity outlet and pressure outlet. Velocity inlet, slip wall and pressure outlet.



The Project: Set Up

teady state
deal gas — pV = nRT
utherland Viscosity Law

ompressible flow for Ma > 0.3.
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Results



Results: Pressure at Different Points in the System
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Results: Turbulence Kinetic Energy

Turbulence Kinetic Energy

P 3.016e+03

- 2.828e+03
| 2.639¢+03
- 2.451e+03
- 2.262e+03
- 2.074e+03
1.885¢+03
- 1.697e+03
- 1.508e+03
- 1.320e+03
. 1.131e+03
- 9.4266+02
- 7.541e+02

- 5.656e+02
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1.607e-11
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Results: Turbulence Models

MAnsys

Velocity 2381

VelocityMag

B 27140402

2.544e+02
2.375e+02
- 2.205e+02
2.035e+02
P 1.866e+02
1.696e+02
t 1.527e+02
| 1.357e+02
| 1.187e+02
- 1.018e+02
F8.481e+01
I 6.785e+01
5.089e+01
3.392e+01
1.696e+01
0.000e+00
[m s%-1]

Standard k-&



The Project: Possible Improvements




The Project: Possible Improvements
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Conclusion

* CohbpuatibealddditbDyfoamicieisigras-dly providing results for relatively low
cost.

 Turbulent flows are chaotic in nature and turbulent models can be used to
simulate their behaviour.

* Third year project - successfully modelled a locomotive exhaust using
CFD!

* Future plans! - More research on exhaust systems!



Any questions!



