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KONFERENCE Zadéni

" Simulace

3

Rozbor

Sekundarni vzduchovy system, slouzi predevsim k
chlazeni a utésnéni vysokotlaké turbiny (prvni rady
lopatek hned za spalovaci komorou).

Teplota spalin za spalovaci komorou vyrazné prekracuje
teplotu tani materialu turbinovych lopatek a disku. Q,, = 0.10523 kg/s Rotati

Main Elow ‘ p = 344.74 kPa

Restrictors 4 V- 1148.89 °C
= <
NN
Q,, £0.18144 kg/s

Predikce teploty pro zajisténi pevnosti a zivotnosti T=59333°C '\
komponent.

3D analyza mozna, ovsem casove narocna.

1D analyza umoznuje efektivni vypocet rotujiciho
proudéni ve sparach (software Flownex)

L
Swirl Solver v ramci Flownexu resi dodatecnou rovnici /U%Lab B th Seal

zachovani momentu hybnosti, cimz urcuje tangencialni Q. = 0.108862 kg/s
rychlost (swirl) v zavislosti na poloméru, rotaci stén a T i
pFfenosu momentu. T=537.778 °C

1D analyza lze propojit s 3D vypoctem proudéni nebo 3D
termalni analyzou.

1D model sekundarniho vzduchoveho systému lze

<

Labyrinth Seal 2

—> Rotating nozzle

N

Rotating channel

7~

8

vytvorit pfimo z prostredi Ansys Mechanical (ACT).
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Stru Ctu ra I. Ste e l ::g :giii:ﬁ Steady-State Thermal
- %Y CHANMEL _1
- Y CAVITY_SW1
4 CAVITY_9W2

1 [N Steady-State Thermal
2 Q Engineering Data v o4

- &

“"* CAVITY_BWL 1 Fownex
Bonded kontatky % cavmTy_swa o

«,? CAVITY_7wW1
«_,? CAVITY_7w2 Flownex
‘,‘f CAVITY_&W1
‘,‘f CAVITY_&W2

- - S CAVITY _SW1
Konvekce na plochach v kontaktu s hlavnim proudem e cavrTy w2
«,w CAVITY _4w1
",* CAVITY _4wW2
‘,‘f CAVITY_3W1
‘,‘f CAVITY_3W2

Konvekce na vnitfnich plochach propojené s Flownexem o oavr_owz
«,? CAVITY _1w1
Y CAVITY_1w2

E| ..... y E Main Gas Path
: 4% Rim Seal

Film Coefficient 1000, W/m*=C (step applied)

- 4" Blades Ambient Temperature | 900, °C (ramped] |
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KernAnsYs . 1D CFD sekundarniho vzduchového svstému
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konres¥ice 1D CFD sekundarniho vzduchového systému
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konres¥ice 1D CFD sekundarniho vzduchového systému

El,,ﬁ- Flown.ex Metwark Builder
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Insert

Suppress
Duplicate

Copy

Cut

Delete

Rename

Group

Mode

HT Pipe
Restrictar
Rotating Cavity
Rotating Channel
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Rotating Nozzle

Ctrl+G

]

F2

Seal diameter

Labyrinth Seal |5

etails of "Lab_Seal 2" -

7

Flow Resistance |=

Definition

Clearence

(lze dynamicky upravovat s

Fipe Description Labyrinth Seal
Labyrinth Seal Type
Boundary = Surface Selection

Scoping Method MNamed Selection

I Mamed Selection LAB SEAL 25

[=I| Fluid Selection
Increment Using Fluid Elements | Mo

=l Inputs
Seal Orientation Axial

| Rotation Speed Rotation Speed A
Tooth Axial Width Mode Selection

[Toath Axial Width 2 Faces
Tooth Pitch Mode Selection

|| Tooth Pitch 2 Faces
Tooth Clearance Mode Fixed

| Tooth Clearance 2 Faces
Diameter Mode Manual Konstantni vzdalenost
Manual 5eal Diameter 0,437 m
Mumber of teeth 1 .

= Nodes ohledem na deformaci)
Upstream Cavity_1
Downstream Cavity_2
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[=I_Convection Heat Transfer

General

Identifier

Solving

Description
Named selection

Tooth dearance mode

Heat transfer area

Surface temperature

) ﬂ M A7 24&349&;.1 20 11{?
17
6
1%
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-
3 4
2
1
25 678 9101
1

6 75916
-
5o 382 33 6

28
27

Lab_Seal_2

141312 1110 si 25
24

LAB _SEAL 2 S - C & 3

23

s
5
Fixed 4

0.0638108 m?

3
570.063 “C ‘

El

=

Connected Nodes
Upstream node
Downstream node
Fluids

Fluid data reference
Model

Kinetic energy coeffident ...

Discharge coefficent option

1
Rotor-Stator Cavity - 92 0
Rotor-Stator Cavity - 81 34557 8910

Air| Gases (Pure Fluids) {...

Flat symmetrical jet equa. .~

Sharp edge equation

Model type Discretised
=l Geometry
Seal type Straight
Seal orientation Axial
Number of teeth 1
Tooth axial width 0.00239553
itch 000828454
Tooth clearance 0.000898376
Seal diameter 0.437
=} Operational inputs
Speed 3600
= Fixed Options
Prevent flow reversal [l
Fixed mass flow O
I=I Swirl Parameters Svs F E M
Swirl transfer option Calculate




KONFEbERCE Vysledky - Ansys

B: Steady-State Thermal
Temperature

Type: Temperature

Unit: °C
Time: 1s
5/20/2026 4:29:15 PM

899.89 Max

862.52
825.15
787.78
75041
713.05
675.68
638.31
600.94

563.57 Min

B: Steady-State Thermal
Total Heat Flux 2

Type: Total Heat Flux
Unit: W/m?

Time: 15

5/21/2026 12:12:26 PM

T AR e

.

8
w4

88129 Max

78400
68672
58943
49214
39486
29757
20028
10300

570.9 Min

Waiting for data from Flownex.
Surface

HIC

36003 until timecut.
Fluid Temp

CAVITY 9 W23
CAVITY 9 W15
CAVITY 8_W23
CAVITY &_W13
CAVITY 7_W25
CAVITY 7 _WLS
CAVITY 6 W23
CAVITY 6_W13
CAVITY 5 W25
CAVITY 5 W15
CAVITY 4 W23
CAVITY 4 W15
CAVITY 3 W25
CAVITY 3_W15
CAVITY 2 W23
CAVITY 2 W15
CAVITY 1 W25
CAVITY 1_W13
LLB_SEAL 1 5
LAB_SEAL 2 3
LAB SEAL 3 5
LAB_SEAL 4 5
LLE SEAL 5 5

WOZZILE

1
HNOZZILE 2
3
4

NOZZLE

W

NOZZILE

CHANNEL_:

[55]

206.
239.
228.
121.
715.

[ e s T O . . O . O o e e . . . . )

e 00O 0O & on OO0 O O 00 oy O -0 W O

.604075421E+003
.604084256E+003
-588929453E+003
.588876859E+003
.669093796E+003
L6T4219224E+003
-666975881E+003
-670080780E+003
.642299655E+003
-644307462E+003
-639256160E+003
-633087886E+003
.829595776E+003
-630085133%E+003
-586363463E+003
.586113608E+003
.549916218E+003
-548897948E+003
-537025577E+003
.54923672TE+003
.628644196E+003
-638283702E+003
-641155353E+003
.584981978E+003
-586400310E+003
-803577232E+003
.604825135E+003
.5B83859283E+003
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KONFER
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B16
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Vysledky - Flownex
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Pressure kPa
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352.2
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Gap Width Ratio (s/a)
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Small Clearance, Laminar Flow

1000

10000

Large Clearance, Laminar Flow

Large Clearance, Turbulent Flow

v

Haaser et. al. (1987)

Small Clearance, Turbulent Flow

100000 1000000 10000000 100000000

Rotational Reynolds Number

= General

Identifier Cavity_5
Description

= Heat Transfer Element Results
Rotor convection coeffident 263.333
Stator convection coeffident 92.9582
Rotor average surface temperature 694,993

Stator average surface temperature 719.459

Rotor convection heat transfer -2.10564 kw |~
Stator convection heat transfer -1.26004 kw |~
=/ Rotor-Stator Results
[=] Outer Radius Results
Swirl ratio 0.284739
Disk Reynolds number 1.14054E+06
Windage power transfer -0.33558 kw |~
Rotor moment 0.890155 MN.m |~
Stator moment -0.210697 MN.m |~
Rotor bolts moment 0 N.m |~
Stator bolts moment 0 N.m |~
Met flow moment -0.679457 M.m |
Quter rotating shroud moment v) MN.m |~
|Rotor-513tor flaw regime How Regime IV
Inner radius 0.251985 w
Outer radius 0.30701 m |~
Flow Node Results
Elements

Swirl 9,40885 m2fs |
Targue -0.890155 M.m |~

Second Law Properties
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konrtkke  Propojeni na 3D CFD

Jednocestny coupling ve WB

" Presvazané parametry

- B - c - D
2 A ceometry v ,———m2 [ ceometry ~ =2 @ setp v . a2 @ Resuts v o4
Geometry 3@ Mesh v o 3 Soluton 4, 3 |50 parameters -
Mesh >4 (5] Parameters Results
Fluent

v E

: FIE—

2 L Project v .

—323 I3 Parameters
Flownex
(50 Parameter Set |

i 1D Parameter Name Value Unit
2 E InputParameters
3 = - Fluent (C1)
4 f)p P1 BendInlet? 1.5314E+05 Pa
5 h p2 MassFlowRate 10 kg 51
6 B &~ Flownex (E1)
7 ?p PS5 Parameter Table 1\0pening 0.5 0-1
* [’p Mew input parameter MNew name Mew expression
g [ Output Parameters
10 B B resuts (01)
i pd P3 dr 5.8534 Pa
12 pd P4 Outlet? 1.5312E+05 Pa
13 B /~ Flownex (E1)
14 pd PS5 Parameter Table 1{Total pressure 153.14 kPa
15 pd P7 Parameter Table 1{Total mass flow | 10 kafs
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Dvoucestny coupling

Pres predpripravené propojeni ve Flownexu
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Diky za pozornost
a zustanme ve spojeni
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