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Basic facts on PCA

* Independent consultancy based in Lincoln, UK
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Basic facts on PCA

* Independent consultancy based in Lincoln, UK - \

e Specialists in turbomachinery design and analysis
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Basic facts on PCA

* Independent consultancy based in Lincoln, UK ﬁ?

* Specialists in turbomachinery design and analysis NAPIER

 Established in 1989; staff have long industrial Rolls-Royce

experience SIEMENS
SULZER
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Basic facts on PCA TR Sl
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* Independent consultancy based in Lincoln, UK Qe

£ A A N
CFX-10 TbG1ll.0 ANSYS
Wirkbnch

* Specialists in turbomachinery design and analysis

* Established in 1989; staff have long industrial
experience

* Users of ANSYS’ CAE tools for over 20 years

o 1D Design tools from ANSYS 11
° Vista TF in from ANSYS 12

«o»
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Industries served

* Aero gas turbines

* Turbochargers

* Industrial compressors
and expanders
Industrial gas turbines
e Steam turbines

* Low speed fans

* Power generation

* Repair and overhaul

&P CA

ENGINEERS
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Experience in China since 2009

PCA Engineers Limited is an international enginearing

consultancy specialising in turbomachinery aero-mechanical

design and turbomachinery design software.

Established in 19289, PCA serves many of the world’s leading manufacturers of

axial and radial turbomachinery - including aero gas turbines, industrial gas
turbines, steam turbines, air compressors, turbochargers, gas compressors

and expanders, fans, and pumps.

The company provides the following services and products:

Fan design
Expander design
FPump design
CFD analysis

Expernt Witness services

(@»

PCA

ENGINEERS

© 2016 ANSYS, Inc.

Centrifugal and Axial Compressor design
Radial and Axial Turbine design

Software systems for turbomachinery design
Finite Elerment structural analysis

Field service problems in compressor or turbines
Re-rate ofin-service turbomachinery
Training in turbomachinery design

August 15, 2016
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Accurate, efficient gas turbine and turbocharger
design with ANSYS products

Chris Robinson

PCA Engineers Limited, UK
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Accurate, efficient gas turbine and turbocharger design
with ANSYS products

Chris Robinson

PCA Engineers Limited
Lincoln, UK

www.pcaend.co.uk
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Centrifugal Stage Design in ANSYS
Workbench

DL ANSYS
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Integrated design system

__PCA Centrifugal Comprussor Design Program - Vista-CC 11.0.0

Duty and Asrodhmarnic Data | Geometry| Geomety (20 impetiers) | Fesuts |
oy Stoge eteciency
Gverot prezsure 1 o [ 348 e SR ] . .
e | i — s Vista In Workbenc
User specity
tow [ Bz bae i -
Rotatons speed [ 55535 revann
Etncimncy cormetins
it stagration coretons P, |
Temparsture w38 K o & [ Reymoids number comecton
Prossure [ 35359 P 9 Tio cleorancs and shroud correction
14 praperses vnpeter rnency
Gas constert [ ZET55S koK User soscity € troster meniropic effcisncy [——
e 7 [ Lnkto stoge =
Kiematic vescosty Gtner secotynamic asta
A & [45E0s me e Merkd. veiocky gradert [ 175 Chokemergn [ G
o P Velooty ratio [—55F
Inckdonce et shroud [ 53 dea
[l

o]
v
jai =z
f -
i o=
¢ /) aE
/ ap
ag
" 2 a
= S g
B 1 @
“
= = &
o =
R S
H
O T T T T I x
o08 = 130
120
150
10
008 - o
=
x
< 5
Y

w004 -

ooz b

" L L L L
.08 5.65 .54 .62 o
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Vista CCD and CCM

gl A2 1 PCA Engineers Lid

Vista Centrifugal Compressor Design 14.0

— o) =]

Dty and Aerodynamic Data I Gas properties I

— Dty Stage efficiency

Geometry I Results |

2 _!_ * Blade Desid

Edit...

(@»

PCA
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Overall pressure ratiD|4.5 EieErsy EinEEiTs Uit Vista CCO Import BladeGen File...
) ICasey—RUbinsUn vI = 5 Calculate I
Mass flow ID 6 kgls ' Correlation i i
Erm e IW ¥ Reynolds number correction " Imperizl Close I A= Duplicate
otational speed Ty _ _
¥ Tip clearance and shroud Dc:\rrec:tu:\nI | Create New EladeGen
—Inlet stagnation conditions User efficiency
Temperature [288.15 K ~ User = Poly 083 #  Update Geometry
Pressure |1D1 353 Pa specify % |sentropic 791711 Beset ry Fluid Flow (Beta)
el sl A2 1 PCA Engineers Lbd Vista Centrifugal Compressor Design 14.0 — |I:I|i| f Throughflow
RMS angle ies
Radial distribution Duty and Aesrodynamic Data I Gas properties I Geometry Results I =
Vi ratio Input data and derived parameters 1= .
i Incidence at shroud —— Mass (kg/s) N (rpm) POout/POin  Eta Poly Etzlsen Etalmp TOin (K} POin (kPa) Bets's (deg) W ratio Hnits Calculat
X 0.600 S0000 450 0.830 0.792 0.862 22815 101.35 450 0.52 i« 5| ELIE=
i+ User specify I
Rgas (J/kg K) Gamma Mu (m®/s) Main Inter Thub (mm) Tshr (mm)Alpha3 (deg) FPIF k/h i Imperial Close
® EE R E 287.05 1.40 1.46e-005 9 ] 1.8 05 0.0 1.037  0.020
Imipeller inlet s / \
'm ratio W ratio M_rms W_orms (m's)  A_throat (mm?) HO (kd/kg) s (kdikg K) / 12 1
1.150 0.000 0.485 162.43 19352 28550 BE3.63 / 7 7\
7T ~ /N1
Station  Dia (mm) Vi (mis) Vm (m's) Mrel Beta (deg) Inc (deg) Bets' (deg) 3.0 > o<1 1 NI
hub 30.00 0.00 125.85 0.564 483 125 54 Fi N ] 7 ]/
rms 55.21 0.00 16243 0830 58.3 5.4 52.9 » /\’ / / V/
shroud 73.01 0.00 186.79 1.187 61.5 1.5 &0.0 25 |/ ] X 7 A
. A/ X X/
. ra \ -
Imipeller exit 7 ey X
Dia (mm) Tipwidth (mm) PO (kPa) P (kPa)  TO(K) HO (kd/kg) s (kdikg K U {m/s) M_U 7 7 4 \Y,
11216 6178 507.32 25332 483 54 485.81 111.40 528.56 1.553 2.0 > A\
| . 7Ly = \Y4
M_rms worms (mds) V_rms (m/s) Alpha_rms (deg) Beta_rms (deg) _ < Pl ~ X \
0.920 202.56 375.22 72.7 56.2 pd Eamm U X
Impeller Sketch —— - > <\
. =l 1.5 . — \ |
L -7 < D AW |
A — AN ¥ I
~—— N \ L\ \‘
1.0 =
0.0 0.1 0.2 0.3 0.4 0.5

Inlet volume flow m3/s
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What is a 2D throughflow solution?

* Solution on a mean S2 surface
o Solution of the pitchwise averaged equations of motion
° Take account of the spanwise variation in parameters

° First estimates of the performance of 3D geometry can be made

S1-S2

(@)P CA

ENGINEERS
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The key component in design systems

» Split-flow aero-engine LP system

[__L__L__A_—- .
3 \’5 A_J_L i i i
/ \ +2
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/ \ ! \\
! \ |
7 \ o 3\
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‘\ | 7 180 — ]
K ¥ ¥ i ! T ! 1
A
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AXIAL-VELOCITY (M/SEC)
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What is a 2D throughflow solution?

e Simplistic but rapid tool amenable to optimisation

e Saves time in the design process

1D Design

Vista CCD

Development of the 2D design

BladeGen and Vista TF

*

Refinement and confirmation with CFD CFX
1D Design Vista CCD
Definition of vane shape BladeGen
Develpment and confirmation with CFD CFX

* Brings added value:

° More complete coverage of the design space

o Assimilation of good practice from earlier designs

em»

PCA

ENGINEERS
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Vista TF solution

* Meridional velocity, Mn and loading

1.6 1.6
| F - ——&5—— Mach \ mean
0.25 |~ 1.4 t|p —=&—— Mach_ss 1.4
| F ———— Mach_ps =
B 1.2 F 1.2 F
B 3 P = g
= tFE = = 'r
i s 0.8 F Ws;\ﬂfiéz&‘ﬂﬂﬂ s osk
0.2 I F S —a_ [
F —v— —=__ . I
B = o6l T e = o6f -
- = F v Eea) = r
| 0.4 F TV~ 0.4 F
0.15 |- 02k o2k
) | O L L L L L O L L L L L
- B 0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8 1
i le f_bl f bl
- 1.6 25
0.1 hUb I | —&=—— hub
- 14 F 2 - —4——— mean
- | ——<—— tip
| 1.2 | wn [ htos
| 2 B =] [
- = 1F <= 15f
- L (&) L
0.05 | ;. 0.8 |- = :
B = o.sé;;ﬁg,,% EI 1 o
B 04 b ,;,}A/féffé‘—éféféfz_é,aﬁ:%’ o .
= I e = - F
o) I 1 1 I 1 0.2 F — 7 SL\VV”’V*V*V/ < [
-0.2 -0.15 -0.1 -0.05 0 ok , , , , i
Z o) 0.2 0.4 0.6 0.8 1

f_bl
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Vista TF solution

* Incidence and loading parameters

&P CA

ENGINEERS
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Vane and gas angles
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Loading parameters
H

—=—— de Haller
———&—— Lambda (dh/u*u)
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o

[
@]
\\\\|\\\\F\\\u|\\\\

|
i
p

A = AH/U?
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VistaTF — turbocharger impeller

Loading falls to zero near splitter

Inducer quite highly

) leading edge
loaded, rapid 16 2 Diffusion at the shroud
diffusion i . Mach o oal \ moderate (W,/W, = 0.65)
~ ti —&—— Mach_ss o | e
B p — Y MaCh_pS g 0.6 N ——5—— de Haller hl'fx’?”fj
1 N © . [?'; —a Lamb_da (d_h/u*u) SRS i
- n g_ L —— DF__LlebIeln
< 1t = 04l cp_ideal /E,/j\ Work factor AH/U? =
o = [ ///EF/E
%5- 0.8 § 0.2 | /Z/ZKJZ/B 0.6
I - i
2 O 6 N OO 0.2 0j4 0j6 0.8
2‘ N hub f_go tip
0.4 30
02 E Very low (no) diffusion 5 sl T
of the mean flow s | ~ s
cm . . g B ‘\\ = o
10| === ground the axial-radial > 10f = T
) 0.4 0 g8 e Low incidence at the
= f_bl bend 3 | el
i1 — S of shroud
= I S
20 o} 0.2 0.4 0.6 0.8
———m 40 hub f_qgo tip

[T 1]
VT

Very high incidence at the Needed for throat
L hub area
SLea ANSYS
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What VistaTF can do

* Feedback in almost real-time, for single row analysis

* Accurate representation of flows dominated by curvature effects

* Predicted Mn distributions at hub, mid and shroud

* Warnings of possible problems with choke

 Suitability of splitter location

* Predicted Euler work input (AH/U?) taking account of vane angles and rake
e Accurate assessment of incidence across the span

* Distribution of vane loading parameters for comparison with experience

* Possibility of automated optimisation

«»»P C A NNSYS
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Comparision TF vs CFD

Velocity Meridional
1.800e+003
1.700e+003
1.600e+002
1.500e+00:
1.400e+002

1.300e+002 175
1.200e+002

IGV LE meridional velocity (m/s)

1.100e+002
1.000e+002
9.000e+001
8.000e+001
7.000e+001 i 170
6.000e+001 7 / e
5.0006+001 %%71‘!/
ety oo Ui,
Yt

i
Ui
b/

i 165

160

155 -
—e—TF —O—CFD
150 -
@)
145 . . . .
0.0 0.2 0.4 0.6 0.8 1.0

Span fraction

P C A
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Comparison TF and CFD

Throughflow

Cm

4 ANSYS CFX

ENGINEERS
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Design decisions Optimised design

Alternative inlet

Frame 001 | 30 Mar 2011 | Input file for VistaGEO, created by

. I 025 025 :—
High curvature i i i e
150 [ B 150
g 145 0.2 0.2 145
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0.1~ % 01 01~ %
0.05 :— 0.05 :— 0.05 :—
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Cm (m/s)
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* Reduce inertia

0.1

* Maximise performance o obs o1 0% 0z o3 05 oss

Flow coefficient
&PCA THI
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What VistaTF cannot do

Direct prediction of efficiency

e Surge line and choke limits in detail

Viscous flow phenomena

* Flow phenomena driven by secondary effects such as clearance

Transient effects

mmmm) Not an alternative to CFD!

«»»P C A ANSYS
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C SC90 for axial compressors and turbines

Overall Performance Characteristics
1
> 0.9 ] 3 It
- P RS
2 o8 b 1 ¥ 1
5 i l
Q
g 0.7
=
S 0.6
0.5
25 T
1 | Multistage compressor map predicted by G|
SC90C Pl
1’ R 3 &
o 17 t 1
& [ |
@ »
S 13 3 3
A b 1
\ Pt > 2 s T 2 s
. o 9 § S
\LMI\’ - / ) ¢ 4 3 e
‘\. N i \\\\ ¥ l 1
X \ y 5 i 1 R 4
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_— Mass flow kg/s
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CFD Analysis
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CFD calculations

(@»

PCA

ENGINEERS

2 | #4 Blade Design

Impeller

W g 2 | 5 Turbo Mesh

2 ﬁﬂ Elade Design

Diffuser

TurboGrid

W a—————— @ 2 €5 TurboMesh
TurboGrid

- d
m

pressure ratio

Post-processing macros are used

0.20 0.25 0.30
mass flow [kg/s]

0.35

2 @l setup v,
3 % Solution ¥
4 |@ Results B -
- CFX
d
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Transonic inlet optimisation

@rX Bladé TooD I8de

Conventional Pre-compression

(@»P CA

ENGINEERS
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Fully 3D impeller design

imics and si

BH_jT—H

HPCA | ANSYS
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Advanced impeller design

« 3D design concepts such as Lean and Sweep has been used for aerodynamic and structural reasons (Hazby et al. (2014))

better control of the
shock

o7
w DB {eT~a 3] [4]
5 3 Tl s o
() -‘."'._
= 0.5 1 ~ [6] Cur_rent
= - i design
L I ~.
L ~.Range of conventional
= - -
= 034 centrifugal compressor design |
& 0.2 4 .
&

0.1 4

o

1] 0.05 0.1 014 0.2 0.25 0.2
Flow Coefficient

(@»P CA

ENGINEERS

31 © 2016 ANSYS, Inc. August 15, 2016 ANSYS UGM 2016



ONVERGENCE
ANSYS HFEHAAS

Transient blade row methods

» Time Transformation method in CFX is used to calculate the unsteady flow field with non-
matching rotor-stator interfaces

Mach Number Mach Number
1.20 1.20
1.10
1.00
0.90
0.80
0.70
0.60
0.50
0.40

1.10
1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20 z#
0.10
0.00

'I""' - = TT Baseline (115% Spacing)
__f; : ———TRS Baseline Reference (115% Spacing)
§ : i —TT Close Coupled (107% Spacing)
Baseline (115%) Close-coupled (107%)
P C A
¥ ENGINEERS
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Applications of DesighModeler
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Secondary flow paths

- A

1 ii.‘i TurboGrid

2 @ Turbao Mesh "
TurboGrid

i} ceometry ~
§® Mech .

stg2_leakage

(R T |

&P CA
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Shrouded compressor stage

(@)P CA
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Parametric volute design

A 4

¢ = Package
constraint

Manufacturing
constraint

(A/r),, = 2nb/tana

o 0.02 0.04 (m)

PELL ANSYS
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Parameterised volute design in WB

CQutline of Schematic A3: Parameters
- =1 - C o T = =
1 1 1 jin] MName Value Unit
2 = Input Parameters
2 @ GmmEtrY 7 —/. 2 i Setup e * b New input parameter New name New expression
4 |= Output Parameters
3 |l‘|£1 Parameters —_— 3 |g@ Mesh -/ 3 g3 Solution & 5 | S (= voelpticalconstantR (AL)
[ B4 PL a.0 0.37125
Wol-elliptical-constantR — 4 [ Parameters 4 @ Results F 7 5 P2 2.135 2.0147
8 B4 P3 a.lsn 2.3264
volute CFx B} 5 Pa 2.225 2.601
10 B4 PS5 a.270 2.8492
11 pd P66 a.315 3.0775
12 pd P7 a.360 3.29

|l'p:.| Parameter Set

(@)P CA
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Full 360° model

0.0 ¢m)

—><— Rt-s

XL
:l —a RS0
|

A A Spec
—O— t-t scroll
>\<\<\
0.05 0.10 0.15
mass flow (kg/s)
e ’ Tip speeds of 340, 394, 525 and 550m/s

(@)P CA
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Streaklines at the extents of the map

o 0.015 0.03 (m) 0 0.015 0.03 (m)
| —EIaaaa—— —m | 0.0075 0.0225
Near choke Near surge

(@)P CA

ENGINEERS




Manufacturing geometry

* Geometries which are prepared in DesignModeler can be exported in CAD
formats

e Ensures consistency between the analysed and manufacturing geometries

((«n PCA

V ENGINEERS
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Structural analysis

(@)P CA

ENGINEERS




ONVERGENCE
ANSYS HFEHAAS

Stress analysis

Mesh Imported temperatures Imported pressures

- -
1 1
2 ﬁﬂ Blade Design " —————— %2 ﬂi} Geometry " 4 2 @® Engineering\Data ~ 2 @ Enginefring Data
stgl Geometry 3 ‘ Model | i u 3 ‘ Mode!’
4 | @8 setup o 4 @ setup
5 | g3 Solution o 5 @3 Solution
6 | GEd Results ¥ o4 6 @) Results
Steady-State Thermal Static Structural
- F
i :ﬁ‘i Microsoft Office Excel
2 |@3 solution " 2 |2€ Analysis o
3 |9 Results " StaticResuls
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Mechanical mitigation

* Thickness necessary to achieve

adequate stiffness
* Splitter can have lower thickness

e Other mitigation, axial lean of the

leading edge
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Gas turbine capability

* Empirical knowledge

* Then relying on CFX
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Gas turbine aerothermal design

ayP C A

¥ ENGINEERS




ONVERGENCE
)ANSYS FERAXE

Relying on CFX

1.10

n/nret‘

1.00

0.2 0.4 0.6 0.8 1.0

Inlet volume flow m?3/s

n L n n 1 n n n n 1 L n n n 1 J
o] 0.005 0.01 0.015
m(kg/s)

First application of Mixed Flow at high Mach number,
Dealing with excessive tip clearances high loading
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