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 How to design an efficient liquid-flooded twin-screw expander?
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geometry abstraction 5
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 conservation of mass

 conservation of energy
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 mass flows

𝛼𝛼 ꞉꞊ flow coefficient
�̇�𝑚𝑠𝑠 ꞉꞊ isentropic mass flow

 heat flows

𝛽𝛽 ꞉꞊ heat transfer coefficient

 mechanical energy

connections

�̇�𝑚 = 𝛼𝛼 � �̇�𝑚𝑠𝑠

�̇�𝑄 = 𝛽𝛽 � 𝐴𝐴 � ∆𝑇𝑇

𝑑𝑑𝑊𝑊𝑖𝑖 = −𝑝𝑝 � 𝑑𝑑𝑑𝑑

�̇�𝑚𝑎𝑎 ꞉꞊ expander mass flow

𝑃𝑃𝑖𝑖 ꞉꞊ expander indicated power

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 𝑖𝑖

= ⋯

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 𝑖𝑖

= ⋯

fluid capacities

chamber model simulation
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 First two-phase effect: Increased inlet throttling!
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twin-screw expander in an ORC with oil

(Nikolov and Brümmer 2017)
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Lessons learned: 

- Two-phase flow considerably increases the inlet throttling 

(and seals the clearances).

- Individual two-phase flow coefficients maybe extracted from 

the characteristic map.
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 How is it possible to calculate the two-phase flow coefficient?
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geometry I 

𝑥𝑥 = 1

𝑥𝑥 = 0.2

𝑥𝑥 = 0.2 dry-air

two-phase

pi = 3 bar
ϑi = 20 oC

𝑥𝑥 = 0.6

𝑥𝑥 = 0.6

inlet and clearance flow

𝑥𝑥 =
dry−air mass flow

dry−air mass flow + water mass flow



two-phase flow pattern map (vertical flow)
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inlet and clearance flow

𝜶𝜶 ∶=
�̇�𝑚𝑒𝑒

�̇�𝑚𝑡𝑡𝑡

𝜶𝜶 ∶=
�̇�𝑚
�̇�𝑚𝑡𝑡𝑡

= 𝑓𝑓 𝛱𝛱, 𝜅𝜅, 𝑣𝑣𝑔𝑔, 𝑣𝑣𝑤𝑤 ,𝑺𝑺theory:

experiment:

slip-flow model 
(gas – liquid)

𝑺𝑺 =
𝑔𝑔𝑔𝑔𝑔𝑔 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑑𝑑𝑣𝑣
𝑣𝑣𝑣𝑣𝑙𝑙𝑙𝑙𝑣𝑣𝑑𝑑 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑑𝑑𝑣𝑣

slip ratio



0.7

0.8

0.9

1.0

0.7 0.8 0.9 1.0
α theory [-] 

α
ex

pe
rim

en
t [

-] 

16

±5 %
±3 %

geometry I
geometry II
geometry III
geometry IV
geometry V

inlet and clearance flow
I II III                      IV                      V



Lessons learned: 

- The flow coefficients for a two-phase inlet flow can be 

calculated knowing the flow pattern and taking slip between 

gas and liquid into account.
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 Second two-phase effect: Condensation.



heat transfer and condensation
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superheated steam

twin-screw expander in an steam cycle

(Grieb and Brümmer 2014)
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heat transfer and condensation

(Grieb and Brümmer 2019)
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heat transfer and condensation

thermal capacities for diabatic chamber model simulation

(Grieb and Brümmer 2019)
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heat transfer and condensation

inlet steam 428 K

(Grieb and Brümmer 2019)
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heat transfer and condensation

(Grieb and Brümmer 2019)



Lessons learned: 

- Condensation during chamber filling primarily takes place 

at the rotors and increases the expander mass flow rate.

- Condensed liquid reduces indicated power.

- Condensed liquid does not result in significant sealing of 

gaps (not shown). 

24



25

 Third two-phase effect: Hydraulic losses! 
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αi = 0.45
αc = 0.4

pi = 7 bar
ϑi = 110 oC
xoil = 0.05

indicated power 𝑃𝑃𝑖𝑖 (sim.)

effective power 𝑃𝑃𝑒𝑒 (exp.)

𝑃𝑃𝑒𝑒 = 𝑃𝑃𝑖𝑖 − �̇�𝛷𝑡 − �̇�𝛷𝑚𝑚

hydraulic losses

(Nikolov und Brümmer 2017)



�̇�𝛷𝑓𝑓𝑓𝑓𝑣𝑣𝑣𝑣tion(L,…) := friction losses
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hydraulic losses

�̇�𝑑𝑘𝑘𝑣𝑣𝑘𝑘(L,…) := kinetic energy  

surge length Lhousing

rotor
liquid surge

(Kauder 1987)
(Deipenwisch 2000)
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αi = 0.45
αc = 0.4

pi = 7 bar
ϑi = 110 oC
xoil = 0.05

effective power 𝑃𝑃𝑒𝑒 (sim.)

�̇�𝛷𝑡 − �̇�𝛷𝑚𝑚

hydraulic losses

effective power 𝑃𝑃𝑒𝑒 (exp.)

indicated power 𝑃𝑃𝑖𝑖 (sim.)

(Nikolov und Brümmer 2017)
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 Is it possible to avoid the assumption of a liquid surge length L ?
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fundamental experiment CFD simulation (relative system)

hydraulic losses



measurement

CFD simulation
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hydraulic losses
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hydraulic losses

ongoing research: developing a new analytical model for hydraulic losses 



Lessons learned: 

- Mainly responsible for hydraulic losses are friction losses 

and rotational kinetic energy losses.

- A semi-analytical model to calculate the hydraulic losses 

is known.

- Developing a new analytical model for hydraulic losses is 

ongoing research. 
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