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Abstract
In this study heat transfer of supercritical carbon dioxide in vertical tube with 10 mm of inner diameter and 
1800 mm of length was investigated experimentally. The initial temperature of tube wall was set to 150 and 
200°C. The system pressures of supercritical carbon dioxide are 1100, 1500 and 2000 psi, respectively. The 
experimental results show that the heat transfer coefficient and heat transfer rate increase with Reynolds number. 
The maximum heat transfer coefficient and heat transfer rate was occurred in 1500 psi of system pressure. The 
heat transfer coefficient for 150°C is higher than that of 200°C resulted from effect of specific heat.
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1 Introduction

Recently, the global warming of the earth becomes 
more and more serious. The renewable energy is used 
to replace fossil fuels gradually. Therefore, considered 
to be a very important factor in reduce to CO2 emissions  
while to enhance energy security and sustainability 
[1,2]. Geothermal power is a kind of renewable energy 
and less CO2 emission [3].
 Enhanced geothermal system which injects  
working fluid through inject well into reservoir  
approximate 3000 m depth. The working fluid is 
heated in the reservoir through hot rock and flows out 
ground through the production well. Because unique 
and thermodynamic properties for supercritical CO2, 
Brown [4] proposed that supercritical CO2 is used as  
working fluid in enhanced geothermal system. In addition,  
carbon dioxide can sequestrations and recycled in the 
reservoir, does not cause to environment pollution.
 Atrens et al. [5] demonstrate the CO2 can  

perform well than water in low permeability reservoirs.  
Haghshenas Fard et al. [6] observe that the pressure 
drop and heat transfer performance of a CO2 geo 
thermosiphon can be superior to those of water-based 
systems. Yun et al. [7] results show the effects of heat  
flux on the heat transfer coefficient are much significant  
than those of mass flux. Niu et al. [8] show the thermo 
physical properties of CO2 near the critical point have 
significant effects on the supercritical local heat transfer  
behaviors. Heat transfer of supercritical local CO2 is 
also dependent on the mass flow rate, input heat flux 
and pressure. Jiang et al. [9] propose that the thermo 
physical properties of super-critical CO2 and buoyancy 
are influenced by the convection in the vertical mini-
tubes and porous media significantly. Liao and Zhao. 
[10] found that the buoyancy effects are significant for 
all the flow orientations. In addition their experiments 
reveal that, a significant impairment of heat transfer is 
discerned under the pseudo critical region in downward 
flow direction. Although heat transfer for horizontal 
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and upward flow both are enhanced under the same 
conditions. Cao et al. [11] found that the buoyancy is 
significant and enhances the heat transfer, especially 
near the pseudo critical point, unless the fluid and the  
tube wall are under the thermal equilibrium condition.  
Bruch et al. [12] experimental results illustrated the 
influence of buoyancy forces on the heat transfer 
process. Kim et al. [13] found the flow acceleration 
predominantly affected the heat transfer phenomena. 
This purpose of this study is to study the heat transfer 
of supercritical CO2 flowing in vertical tube at higher 
temperature.

2 Experimental Apparatus

2.1  Experimental parameters

This study investigates the efficiency of heat  
extraction of the Supercritical carbon dioxide at  
different pressure, temperature. The efficiency of 
heat extraction depend on pressure and temperature, 
therefore operating conditions is set for pressure 1100, 
1500 and 2000 psi, Reynolds number from 1.5 to 7.6 
and 150 and 200°C of initial wall temperature during 
experiment. 
 The heat transfer rate from tube wall to supercritical  
carbon dioxide at steady state is calculated.

 (1)

where  indicates the mass flow rate, hin is the test  
section inlet enthalpy, hout is the test section outlet 
enthalpy of supercritical carbon dioxide.
 Heat transfer coefficient of Supercritical carbon 
dioxide in the test section is defined, as follow:

 (2)

1 indicates the temperature difference  
2 is the  

temperature difference between outlet temperature 
and tube wall. The average heat transfer coefficient is 
determined from:

 (3)

where A is inner surface of test section.

2.2  Experimental apparatus

The schematic diagram of experimental system is 
shown in Figure1. It consists of a CO2 cylinder, high 
pressure pump, pre-heater water bath, cooling water 
bath, test section, computer and data logger. The test 
section is made of stainless steel with inside and  
outside diameters of 1 cm and 1.27 cm and length 
of 1.8 m. The test section is heated by heating unit. 
The heating unit is consists of copper, resistance 
heater, power supply and thermal insulator. The heat 
is provided by resistance heater through copper to 
test section. The temperature of outside tube wall and 
supercritical CO2 are measured by TC and RTD. The 
ten TCs are fixed on outside of tube wall. The RTDs 
placed in inside of tube for each 450 mm are measured 
to evaluate heat transfer coefficient and rate.
 To study supercritical carbon dioxide heat  
extraction efficiency at different pressures, flow rate 
and temperature. The processes are using power 
supply input power to heated test section and the  
apparatus was allowed to thermally equilibrate.   
After carbon dioxide was pressurize in high  
pressure pump, then injection to the test section before  
to be heated at pre-heater bath, this aim is for carbon 
dioxide reached to supercritical state. Resistance  
Temperature Detector and T-type thermocouple will 
immediate record variation in temperature within 
tube and tube wall when fluid through to test section. 
Last, supercritical carbon dioxide was cooling in the 
cooling bath when leave for test section, the aim is 
for supercritical carbon dioxide were cycled in this 
manner until the test section achieve the thermal 
equilibrium state.

Figure 1: schematic diagram of experimental system.
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3 Experimental Results and Discussion

All the experimental data reported in this study were 
processed based on the data for the physical properties 
of CO2 provided by the NIST Refrigerants Database 
[14]. As supercritical CO2 at constant pressure, the 
specific heat reaches peak value as supercritical CO2 
at constant pressure. The temperature at this peak value 
of specific heat is called pseudo-critical temperature. 
When temperature of supercritical CO2 approaches the 
pseudo-critical temperature at constant supercritical  
pressure, the heat transfer coefficient is higher,  
relatively. In this study measurements were carried 
out at CO2 pressures ranging from 1100 to 2000 psi, 
temperatures from 150 to 200°C, and Reynolds number 
from 1.5 to 7.6. Figures 2–4 present the experimental 
results for the heat transfer coefficients, heat transfer 
rate, Reynolds number and heat transfer coefficient of 
CO2 at supercritical pressures in the tube. 

3.1  Effects of Reynolds number 

Figure 2 (a) and (b) show that the heat transfer  
coefficient and heat transfer rate affected by Reynolds 
number. Heat transfer coefficient and heat transfer rate 
both are increased with Reynolds number. However,  
for x/L=0.25 the performance of super-critical CO2 
is the highest for all Reynolds numbers resulted 
from effect of specific heat of super-critical CO2 at  
pseudo-critical temperature.

3.2  Effects of different pressure 

Figure 3 shows that the influence of system pressure 
on the heat transfer coefficient and heat transfer rate 
at Re=7.6 and 150°C of initial wall temperature. The 
highest value for specific heat of supercritical CO2 
appears at 1100 psi and 31°C. However, the initial 
wall temperature is set at 150°C and the temperature 
of supercritical CO2 is higher than 31°C in the test  
section at steady state. For local and average heat 
transfer coefficient 1500 psi of the system pressure 
is optimal operating conditions for CO2-EGS. It 
is noted that above 1100 psi the heat transfer rate  
insignificantly affected by system pressure despite 
higher specific heat for 1500 psi. Nevertheless, it 
is mean that for lower system pressure the power  
consumption is lower during EGS.

3.3  Effects of initial wall temperature

Figure 4 shows that the influence of initial wall 
temperature on the heat transfer coefficient and 
heat transfer rate at Re=6.3 and 1100 psi of system  
pressure. The heat transfer coefficient at 200°C of 
initial wall temperature is lower than that at 150°C, 
but the heat transfer rate is higher than 150°C, the 
resulted from effect of specific heat with temperature 
and have enthalpy difference between inlet and outlet 
of the test section.

(a)

(b)
Figure 2: Effects of Reynolds number on the heat 
transfer coefficient (a) and heat transfer rate (b) at 
pressure=2000 psi and temperature=150°C.
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4 Conclusions

This paper purpose is investigated performance 
of heat transfer for CO2. The results show that the 
1500 psi of system pressure is better on heat transfer  
coefficient. It is attributed to specific heat is higher 
at 1500 psi of system pressure. In addition, the heat  
transfer coefficient and heat transfer rate both 
are increased with Reynolds number. The current  
geothermal energy and sequestration of carbon dioxide  
is important issue, therefore the more experiment 
parameters can be investigated in the future, such as  

increased pressure, temperature, change flow  
direction and inserted in-situ porous medium into 
test section to model supercritical carbon dioxide 
injection enhanced geothermal system operating 
conditions.
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(b)
Figure 4: Effects of temperature on the heat transfer 
coefficient (a) and heat transfer rate (b) at Re=6.3 and 
pressure=1100 psi.

(b)
Figure 3: Effects of pressure on the heat transfer  
coefficient (a) and heat transfer rate (b) at Re=7.6 and 
temperature=150°C. 

(a)(a)



71

J. C. Hsieh et al. / KMUTNB: IJAST, Vol.7, No.2, pp. 67-71, 2014

References

[1] I. Dincer, “Renewable energy and sustainable  
 development: a crucial review,” Renewable and  
 Sustainable Energy Reviews, vol. 4, pp. 157-175,  
 2000.

 
 “CO2 savings of ground source heat pump systems –  
 A regional analysis,” Renewable Energy, vol. 35,  
 pp. 122-127, 2010.
[3] IB. Fridleifsson, “Geothermal energy for the  
 benefit of the people,” Renewable and Sustainable  
 Energy Reviews, vol. 5, pp. 299-312, 2001.
[4] D.W. Brown, “A hot dry rock geothermal energy  
 concept utilizing supercritical CO2 instead of  
 water,” Twenty-Fifth Workshop on Geothermal  
 Reservoir Engineering Stanford University, 2000.
[5] A.D. Atrens, H. Gurgenci, and V. Rudolph,  
 “Electricity generation using a carbon-dioxide  
 thermosiphon,” Geothermics, vol. 39, pp. 161-169,  
 2010.
[6] M. HaghshenasFard, K. Hooman, and H.T. Chua,  
 “Numerical simulation of a supercritical CO2  
 geothermosiphon,” International Communications  
 in Heat and Mass Transfer, vol. 37, pp. 1447-1451,  
 2010.
[7] R. Yun, Y. Kim, and M.S Kim, “Convective  
 boiling heat transfer characteristics of CO2 in  
 microchannels,” International Journal of Heat  
 and Mass Transfer, vol. 48, pp. 235-242, 2005.
[8] X.D Niu, H. Yamaguchi, X.R Zhang, Y. Iwamoto,  
 and N. Hashitani, “Experimental study of heat  
 transfer characteristics of supercritical CO2 fluid  

 in collectors of solar Rankine cycle system,”  
 International Journal of Heat and Mass Transfer,  
 vol. 31, pp. 1279-1285, 2005.
[9] P.X. Jiang, Y.J. Xu, J. Lv, R.F. Shi, S. He, and  
 J.D. Jackson, “Experimental investigation of  
 convection heat transfer of CO2 at super critical  
 pressures in vertical mini-tubes and in porous  
 media,” Applied Thermal Engineering, vol. 24,  
 pp. 1255-1270, 2004.
[10] S.M. Liao and T.S. Zhao, “An experimental  
 investigation of convection heat transfer to  
 supercritical carbon dioxide in miniature tubes,”  
 International Journal of Heat and Mass Transfer,  
 vol. 45, pp. 5025-5034, 2002.
[11] X.L. Cao, Z.H. Rao, and S.M. Liao, “Laminar  
 convective heat transfer of supercritical CO2 in  
 horizontal miniature circular and triangular  
 tubes,” Applied Thermal Engineering, vol. 31,  
 pp. 2374-2384, 2011.
[12] A. Bruch, A. Bontemps, and S. Colasson,  
 “Experimental investigation of heat transfer  
 of supercritical carbon dioxide flowing in a cooled  
 vertical tube,” International Journal of Heat  
 and Mass Transfer, vol. 52, pp. 2589-2598, 2009.
[13] D.E. Kim and M.H. Kim, “Experimental  
 investigation of heat transfer in vertical upward  
 and downward supercritical CO2 flow in a  
 circular tube,” International Journal of Heat and  
 Fluid Flow, vol. 32, pp. 176-191, 2011.
[14] National institute of standards and technology,  
 Reference Fluid Thermodynamic and Transport  
 Properties [Online]. Available: http://webbook. 
 nist.gov/chemistry/fluid/


