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• Substance Data

• Energy Converters

Magnetocaloric

• Heat and Mass Transfer

Geothermal Thermosyphons

• Thermodynamics of

Complex Systems

Research

Teaching
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Field of Research

What?

• Probe as one closed pipe

• Saturated working fluid (CO2)

• Heat transfer through phase change

CO2 driven Geothermal Thermosyphon (400m)

Why?

• Intense heat transfer due to phase change

• No pumps due to natural circulation

• Possible within water protection areas

• High extraction rate for urban application

Condensator

Research topics

• Maximal heat flow

• Optimal filling rate

• Validation data for Simulation

• Plain pipe or helically corrugated pipe

 𝑄𝐶𝑂2
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Preliminary Investigations

Calculations:
for a helically corrugated DN 80 pipe

Test rig:
for a helically corrugated DN 80 pipe

Flooding limit by IMURA for a CO2 temperature of 0°C

 𝑄𝑚𝑎𝑥,(0°𝐶) = 24 𝑘𝑊

𝐿𝑚𝑖𝑛,(0°𝐶) =
 𝑄𝑚𝑎𝑥

 𝑞𝐸𝑎𝑟𝑡ℎ
= 400 𝑚

Study of:

• Different Applicators for the CO2 Flow

• Flow patterns within the probe by

using an endoscopic camera and

denta floss

Head construction:
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Setup - theoretical

CO2 R134a H2O

PT
103

PT
104

P
125

TC
105

TC
106

TC
110

TC
107

P
127

P
126

TC
109

TC
108

PT
101

PT
102

Pel
128

  

FOT  𝑄𝐶𝑜𝑛𝑑 =  𝑉 ∙ 𝑐𝑝 𝑇 ∙ 𝜌 𝑇 ∙ ∆𝑇

 𝑄𝐶𝑜𝑚𝑝 = 𝑃𝑒𝑙 ∙ 𝜂𝑡ℎ

 𝑄𝐶𝑂2 =
 𝑄𝐶𝑜𝑛𝑑 −  𝑄𝐶𝑜𝑚𝑝

Fibre optic temperature measurement

using Raman anti-Stokes signal
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Setup - practical

Installation of the:
Helically corrugated DN 80 pipe

Installation of the:
Plain pipe DN 100

Continuous installation in one piece

Installation in pieces per 10m

Screwing together and welding necessary

Probe dimensions:

Lplain: 368 m

Lcorr.: 384 m

Vplain: 3,77 m³

Vcorr.: 3,32 m³

Filling:

mCO2, plain: 642 kg

mCO2, corr.: 921 kg

hPool, plain: 9 m

hPool, corr.: 79 m

GT1

GT2

Location:
Nienburg (Weser)

Lower Saxony
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Results
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Results

Performance data of the Heat Pump (helically corrugated pipe)

CO2,in = 12,5°C – 3,5°C

H2Oout = 50°C

To improve the CO2 thermosyphon as a heat 

source for heat pumps a fundamental 

understanding of the heat and mass transfer 

in the probe is necessary!

 𝑄𝐶𝑂2
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Run: Nienburg, GT1 and GT2, 04. June 2015

Reference without CO2

Plain pipe (GT2)

Saturation temperature without Pool

Corrugated pipe (GT1)

Saturation temperature with Pool at 295m

Results

Temperature profile with and without CO2

Heat transfer

Pool

Pool

295m 360m

Filling:

mCO2, plain: 642 kg

mCO2, corr.: 921 kg

hPool, plain: 9 m

hPool, corr.: 79 m
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10:50

10:55

11:00

11:05

11:10
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11:20

11:25

11:30

Results

Starting process

Pool while non-

operating condenser

Pool while

operating condenser

Film line 11:20

Film line 11:15

Film line 11:10

Film line 11:05

~ 27 kW  CO2
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Results

Starting process

Film line 11:10

Film line 11:20

Film line 11:15

Film line 11:05

~ 25 kW  CO2
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Corrugated pipe

Plain pipe
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Results

Starting process

• The film line in the plain pipe

moves faster than in the

corrugated pipe

0,17 m/s

0,25 m/s

Speed of film line
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Conclusion and lookout

Simulation of the

starting process 

(unsteady)

Further investigation of

the pool surface behavior

Effect of the filling level

 There is a natural circulation while non-

operating HP

 The temperature profile in the probe 

depends on the pressure in the probe

 The pool surface is detectable

 The pool surface is moving while the 

starting process

 The speed of the film line is detectable

 The film line is moving faster in the 

plain pipe



15Dipl.-Ing. Johann-Chr. Ebeling, Institute for Thermodynamics (LUH)

Vielen Dank 

für Ihre Aufmerksamkeit.

Thank you

for your attention.


