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Wie ist eine Geothermieanlage aufgebaut
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Tiefe Geothermie in Deutschland
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Seismische Messungen flur Geothermie in Graz

Geothermie fiir Graz: Seismische Messungen im oststeirischen Becken

Von Februar bis April 2026 werden in den Bezirken Siidoststeiermark, Weiz, Leibnitz, Graz-

Umgebung, Graz, Voitsberg und Deutschlandsberg mit speziellen Seismik-Lkws Messungen entlang
einer Gesamtstrecke von rund 900 Kilometern durchgefihrt.
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Schematische Bohrlochdarstellung

(220 m) (136 m) (10 m)

WIEN DC-Tower Stephansdom GeoMge ﬁ

T o100m

U-Bahn-Netz  Grundwasser Well Casing
(bis 35 m) (bis 10 m)
M Cable

1 km

——— Bohrung ca. @30 cm

Discharge Tubing

Casing size:
10-3 / with liner or,
9-5 / @ithout liner

Maximum acceptable pump diameter 7 . 7 0

8 . 7pbimps are too large

 2km Pump 6. 750 canoobdeliver required
Intake & flow rate (36000BPD max)
Gas Seperator
- 3km Protector Required production rates:
\ winter 45000-55000BPD / 82.8-100[l/s]
= 3,5 km e Electric Motor
Bown hole S summer 15000-20000BPD / 27.6-36.8]l/s]
OWI Nole Sensor
entralizer
o Production zone at 3000-4000m from surface
Quelle: Wien Energie / OMV Pump landed at 600-1000m from surface
Quelle: GeoDynamics
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Instabile Pumpenkennlinie
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Anlagenkennlinie schneidet Pumpenkennlinie im Bereich der Instabilitat;
Mehrere Schnittpunkte bei unterschiedlichen Durchfliissen mdglich

Sprunghafte Anderung des Anlagendurchflusses bei kleinen
Abweichungen vom eigentlich stabilen Betriebspunkt der Pumpe

maoglich!
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Druckstol3 und dessen Auswirkungen

AVA B 13 Dp ... beim SchlieRen / Verzégern
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Starker, pl6tzlicher Anstieg des Innendrucks in einer 0 3 ’ °
Rohrleitung aufgrund Anderung der | 2
S=L

Stromungsgeschwindigkeit.
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Mit DruckstoRberechnung kbnnen Gefahren identifiziert
und Gegenmalfinahmen ergriffen werden, damit die

Katastrophe gar nicht erst eintritt.
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Bruch einer Druckrohrleitung, Argentinien

Havarie in russischem Kraftwerk Sayano-Shushenskaya am 17.08.2009
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Ausbreitung einer Druckwelle in einer Rohrleitung
Beispielanlage (Ventil schliel3t): 5 S ~ "
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Ausbreitung einer Druckwelle in einem Rohrleitungssystem

Beispielanlage II:
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Pumpe im (ungewollten) Turbinenbetrieb
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Aufgabenstellung: Pumpenentwicklung fur Tiefen-Geothermie
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Hydraulic Specifications (n = 3500 rpm)

A Expected head per stage at BEP 25m

A Flow rate at BEP 298m?3/h or 45,000bpd

A Expected efficiency at BEP would be close to 80%

A Continuously rising pump head is a must.
Pump must be stable in whole range from
no flow to no head conditions.

A No specifications concerning cavitation provided

Design specifications:

A Diffuser overall diameter [OD]
must not biggerthan7-1/ 20 (190. 5mm)

A Max. wet diameter D , to 172mm
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Literature study / possible limitations

A Hgeo = 25 M, Qgep = 298 m¥%h bzw 82.8 1 /s, n = 3500 rpm - e
A Max. wet diameter D , to 172mm h | T 1 e
JO VTBt OFO |
N ou ABLYC Y : cééﬂxf G gl g¥C v iy
o) cu (V) Tt
("@ BRGa T[,)
. . pn . 0 50 160 150 2 ]
Y =0,67 @ n, =90 can be treated as tough design specification : a 10 100 2 1000
. - .. Source: Sulzer
since for both references it is on the upper limit curve; 12 g S p——
1.1 4 A O o . L (3.26) with fT =11
Gulich mentions to take the lower limit curve = 0o
if a stable head curve should be achieved -
06 1
Y In our design experience, the maximum permissible impeller diameter b0 2 6 CINNPRRE
for the given combination of Q, H and n is at the very low limit! Source: Gillich

A study of reference pumps from different competitors revealed that no executed pump with a stable head curve  under
these specifications (Qggp = 298 m3/h @ n = 3500 rpm with D, ~ 150 mm) and could be found.
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Hydraulic Design / Optimization Procedure

Challenges:

A No reliable design guidelines for
mixed flow pump diffusers

A Hardly any references for the given design
targets such as
head curve stability and
limited size

A Satisfying demanding design targets
A Many degrees of freedom

customized design procedure

Stepanoff , Gilich
Pfleiderer , competitors
papers

A 4

1D design

[
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3D geometry model
CFturbo ®

A 4

Simulation (CFD)

A 4

Pre-optimisation
Ahandmad e€
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Yes, but further

A 4
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improvement
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Parametric

3D geometry model
Ansys -Workbench
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Automised
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selected parameters
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Final geometry

Experimental
verification
on test rig
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Parametric CAD-Model for Impeller and Diffuser with CFturbo®

& Reverse Enginaerng

Steps @ oot @ Meridian @ Blade [T e Files e et ot ooy

Parametric model for the complete hydraulic geometry
A meridional cross section

A blade shaping

more than 30 degrees of freedom

A Multi-stage suitable; max. dimensions limited

A Minimization of remaining swirl at pump exit

A Smooth flow deceleration;
Minimal flow separation but rapidly changing
meridional curvature (limited diameter);

A Strong influence on head curve stability

A Sensitivity analysis followed by
metamodel-assisted multi-objective
evolutionary optimization
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CFD Setup

Steady State simulations for optimization il mpeller onlyo CHBimpdealo AAFD m
for impeller design process

for diffuser design process

A Single passage models A and B
Full 360AModel C for verification
SST turbulence model '
Aggressive time step (speed up calculation time)

Approx. 15 (A) / 30 (B) minutes on 4 CPU cores;
8 h (C) on 16 CPU cores

more than thousand different geometries investigated, erface.
5 operating points for each geometry (to prove head curve stability) inlet /

runner

To o Do Iw

o

Transient simulations

A Full 360Anodel for all domains, SBES-SST turbulence model
A Before automated optimization + for final geometry

A Approx. 5to 6 days on 16 CPU cores

Interface:
diffuser /
outlet

Interface:

runner / \L' ,

diffuser

A380 CFD model C for design ver
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Selected Impeller Designs from Optimization Process
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80
80 impeller designs were investigated further 60 : 8%\
(out of approx. one thousand!); E B
. o 2 ey
Main focus on velocity distribution at impeller ==
inlet and outlet at part load operation 20 ==
(stable head curve mandatory!) 100
3 examples were chosen in the design o5 —S——— | —
process for further diffuser design = e o o o—g
3 85?"‘*’/
= 90 / .
' 101-46 . 101-58 85
B 30 Vo
12 2 /\ N —— /u/ =t
I _-0//
101-63 z k4 o .
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meridional velocity distribution - Q [m¥s]
at Q = 50% Qpegign L
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Selected Diffuser Design from Optimization Process

The most challenging task was to find 357
an impeller / diffuser combination with '

a stable head curve.

It turned out that in part load an increase
of pump head beyond 30 m is not

possible.

At least down to a flowrate of _
Q=331/s(l 40% Qpesign) the numerical 151
results of the optimized design show a [
stable head / flowrate behaviour. 101

To achieve this head curve stability the 80
best efficiency point is shifted to a flow
rate above Qpegign (@pprox. 120%)
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Diffuser Design - Metamodel Findings

H@55%Qesign

A bLe shroud iNfluences Qgep Whereas
there is hardly any influence of b ¢

on Qgep

>

A Decreasing b, ¢ gprouq iN COMbination
with increasing Q¢ increases

h@QDesign
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A Hardly any influence of by ¢ gprouq at
part load

A Increasing b, ¢ 4,5 iN combination with H@55%Qesign H@4Q%@esign
decreasing Q, g increases Head at S i Al
deep part load il el
t important for a |
stable head curve

UBISB 040 D H
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f different CFD-models

ISON O

Compatri

Final Design

0.100 (m)

—
0.075

0.050

0
—
0.025

o c = O
5§C o S8
g2 8 BgE
S c = 5 € ®©
S E £SO
me o w.= 0
() H = O O =
22 _ SES
7 c = I= » 8k = %
2z o2 253t ~ S8 ok
3 8 8 = g mmm,m 3 32 8 8 » s WMWW
S e E o & S e E g ]
[96]3#°ukouaioy3
(@] o o (@] o o o
()] o0 N~ o] Lo < o o~
_ —
! ! ! ! o
—--o]--- e S R I e sEEE EEEE B P
I I = = “:-_-L ......................
-t m - R ¢ 1o 8 i BT SERE S SR S
! ! ! ! —
! H ! ! o
ISR N <= Yo N NS J O S N S O
1 1 y 1
1 1 C 1
. - Y B
) AR MR Y SR = L L yepu MUy SRR S
g 1 1 ﬂ 1 quV 1 o0
1 1 \ 1 1 O
a =r T T i T (] T -
59 | T/ | | e
@ . Hala B T T —
A 2| - 4 ) WA i RO IS O NI S A L2
O ] /N Y S c
S N ! T ! T ! —
O T | At W ....... (IS SR (R N S -1 o o
E o _ LoD L _ S
= O ! 1 ,, ! © ©
S & | [T /i S L Rl Sl i el e 1 &
T R I A A o R St S B B 1 3
.. = Rt .n.w ....... A R T::u:“ ............... T
a IR O /5 S N R L Kt A N S
i ! ! ! L o ! 3
N )| ! n ! ! ! o
T S S | -] @ b-oq-- it el S etk il el
O —_ ||||_|O||D|_||| Q| . _||||H_H_|.D |||||||| _||||
8 8 c ! ty al == : “ “
I T Y O S B A S A oot
o S 2 ||l b S I S UL
QL =T o ! » ! ! ! “ N
W ! He! ' ' ' il o
p h 1 \ 1 1 1 1 .
E uv = ! \ “ i “ | o
- e— e IIII_ IIIIIII RN ' R ' T _IIII
» g = | 149 o H | |
m S IIII_ IIIIIII _I u I_ IIIIIII R [ T _IIII
. = S AN L S L R R
c 8 o |[ ! ! ! | |
0 £ X Ea e R FRR® COLTEEE EEE be-ope-- e B e
Q o ®© ! ! ! ! ! ! o
oD 0 £
E = x 3 S & Q 9 = ol ©
2 w IS [w] H peaH
m [

-19-

13.4.2026

Pumpenentwicklung und Druckstol3analyse fur geothermische Herausforderungen

Prof. Dr.
Jaberg und Partner GmbH

Technologie und Strategie

A

y)




Ign

QDeS

Transient CFD

iy
it

1478 [ degree |

Rotation Angle =
=4.106

Timestep = 1205
Rotations

D % % % % % %
EddyViscosityRatio

_ E=

) %PE& Wlwm

an ORQND ogaD

8e3 2BV 28V

ng S5 888 Sg 8

s o “ = gc sm 151 am 1

g8 = 2 & ef 2288 Ssep: S¥28
ma - o CE mmm w__c_c_m wﬂc_ﬁ
SEE T £ Eee coITrH cozxx

=

,,,..,., N /ﬂ/fW.fM/W/ ;,/
R

ST JV

=20

DD

NN
N

T e ==
B i e e e g
= D= o B =
o8 2388 8 0348
Sen Amw_._. < ESu
Ext - 3o SSE38 ,. So588
1E8 gg&ES 5 28883
© o w = Scé £ O 2 2 1 51e
22 2 o7 285 SQoaon S SQoon
@ ~ = o Y 222 SYEE e -1 =R S
ma & & ¢ o% g8g 7166 § ] w190 §
S I € EC& cor're 4 cor'r'e

hub
shroud

o693 ykoualol
— [} 5] ~ o n < [32) ~
4 o
—
o
o)
S,
P
£
o
=39
=%
o4
=
K=l
<L
S
| o
N
S
o
o
0 o [Te) o wn o n o
o (32 N N — —
[w] H peaH

-20-

13.4.2026

Pumpenentwicklung und DruckstoR3analyse fur geothermische Herausforderungen

Prof. Dr.
Jaberg und Partner GmbH

A Technologie und Strategie

y)



Transient CFD: Deep Part-Load

hub mid
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