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In this study, thermal performance of an increasing-

pressure endothermic power cycle (IPEPC) has been 

numerically investigated. In the IPEPC, a downhole heat 

exchanger (DHE) is used to replace a traditional evaporator on 

the ground. Matching relationships among four key parameters

(DHE inlet pressure, DHE length, geothermal water 

temperature, and geothermal water mass flow rate) and the 

working fluid mass flow rate are quantitatively analyzed. The 

research results indicate that, when the DHE inlet pressure is 

3.7MPa and the geothermal water temperature is 95°C, the 

optimal working fluid mass flow rate is 9 kg/s, corresponding 

to a maximum net power output of 45.11kW. When the 

geothermal water temperature is 130°C, the optimal working 

fluid mass flow rate is 9.5 kg/s, with a maximum net power 

output of 111.7kW. As the geothermal water mass flow rate 

increases, the optimal working fluid mass flow rate increases 

synchronously, and the net power output under this matched 

operating condition also shows an upward trend. Under the 

condition that the working fluid mass flow rate is low (ranging 

from 3 to 6 kg/s), using a shorter DHE length results in a better 

thermal performance. When the working fluid mass flow rate is 

high (ranging from 6 to 12 kg/s), using a longer DHE is an 

effective way to increase the net power output. The findings of 

this study provide theoretical guidance for IPEPC system

optimization and engineering design.

thermal performance analyses 

NONMENCLATURE 

Abbreviations  
ORC Organic Rankine Cycle 
DHE Downhole Heat Exchanger  

IPEPC 
Increasing-Pressure Endothermic  
Power Cycle 

Symbols  
mm Working fluid mass flow rate(kg/s) 

Wnet net power output(kW） 
pin DHE inlet pressure(MPa) 
l DHE length(m) 
tw Geothermal water temperature(°C) 

mw 
Geothermal water mass flow 
rate(kg/s) 

1. INTRODUCTION 
As a crucial renewable energy source, geothermal 

 
 

 

  

  
Geothermal power generation technology has 

undergone a significant evolution from sub-critical 
power cycle to trans-critical and supercritical power 
cycles. Although the traditional sub-critical Organic 
Rankine Cycle (ORC) features a simple structure and 
reliable operation, but its working fluid maintains a 
constant temperature during the phase change process, 
making it difficult to match the variable-temperature 
heat characteristics of geothermal fluids. This leads to 
significant exergy loss in the evaporator and generally 
low system efficiency [2]. By increasing the operating 
pressure above the critical pressure of the working fluid, 
the trans-critical cycle enables the working fluid to 
continuously rise in temperature during the heating 
process, effectively improving the temperature matching 
performance. Furthermore, relying on the unique 
thermal properties of the working fluid, the super-critical 
cycle exhibits superior performance at relatively high 
geothermal temperatures, with a theoretical efficiency 
that can exceed 15% [3]

energy plays a pivotal role in the global energy structure 
transition. Compared with traditional fossil fuels, it has 

advantages such as stability, continuity, and 
environmental friendliness, and is regarded as an ideal 

energy source for power generation. However, the 
temperature grade distribution of geothermal resources 
is extensive and uneven [1]. It is difficult to achieve 
economical and efficient energy conversion for this type 
of resource through conventional power generation 
technologies. Therefore, increasing geothermal power 
output and thermal efficiency has become a key focus of 
current research.

. 
The performance improvement of trans-critical and 

super-critical power generation systems is closely related 
to the optimal regulation of cycle parameters and the 
reasonable selection of working fluids. In terms of 
working fluid selection and cycle optimization research, 
Hsieh et al. [4] compared six types of mixed working 
fluids and pure working fluids within the temperature 
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range of 150-200°C. Their results indicated that the 
adoption of a trans-critical ORC with heat recovery could 
increase exergy efficiency by 8-12%, among which the 
mixed working fluids with appropriate temperature glide 
characteristics performed particularly prominently. On 
the other hand, Wang et al. [5] conducted a comparative 
analysis of trans-critical ORC systems using ten groups of 
azeotropic mixtures and found that R245fa/R600 could 
achieve a maximum thermal efficiency of 14.26% and a 
minimum exergy loss of 86.76 kW under the operating 
condition of 160°C. 

In existing literature, research on trans-critical and 
super-critical power cycles using CO2 as the working fluid 
is relatively comprehensive. However, this working fluid 
has obvious limitations: its trans-critical cycle operates at 
extremely high pressures, which significantly increases 
the pump power consumption during system operation 
and imposes strict requirements on the pressure 
resistance performance and sealing reliability of 

equipment [10]. In contrast, current research on trans-
critical power cycles with R125 as the working fluid is still 
insufficient, and the research results related to technical 
parameter matching and performance optimization are 
relatively limited. Based on this, this study uses a 
downhole heat exchanger (DHE) to replace the 
traditional evaporator, constructing an increasing-
pressure endothermic power cycle system (IPEPC) with 
R125 as the working fluid. Focusing on net power output 
as the core objective, this research provides theoretical 
guidance for IPEPC system optimization and engineering 
design. 

2. SYSTEM DESCRIPTION  
Figure 1(a) is the Temperature-Entropy Diagram of 

IPEPC. Figure 1(a) presents that the working fluid at the 
outlet of the condenser (point 1) is pressurized by a 
booster pump to above the critical pressure (point 2) and 
then injected into the annular space of the DHE. In the 
annular channel, the working fluid flows downward in 
the form of an annular flow (process 2-3) and conducts 
convective heat transfer with the geothermal water 
rising outside the DHE. The high-temperature working 
fluid after heat absorption flows out of the inner tube of 
the DHE and undergoes approximately adiabatic 
pressure reduction and heat release during the upward 
flow (process 3-4). Subsequently, the working fluid at the 
outlet of the DHE is introduced into the turbine for 
expansion work (process 4-5) to drive the generator for 
power generation. Finally, the low-pressure working 
fluid discharged from the turbine enters the condenser 
for condensation (process 5-1).  

The actual flow process of the working fluid (Figure 
1b) in the DHE involves first increasing pressure and 
absorbing heat, followed by reducing pressure and 
releasing heat. Under the action of the gravitational field, 
when the liquid working fluid (in an over-pressurized 
state) flows downward in the outer pipe, it exchanges 
heat with high-temperature geothermal water, at the 
same time its pressure and temperature gradually 
increase until reaching the super-critical state, while its 
density decreases progressively. When the working fluid 
(in the super-critical state) flows upward in the inner 
pipe, a thermal insulation layer is used to reduce heat 
loss, and its pressure and temperature decrease 
gradually. The thermal siphon effect, caused by the 

 
Fig. 1 Increasing-pressure endothermic power cycle (a)T-s diagram of the power cycle; (b)Enlarged section of the DHE 

showing its structure and flow directions 

 



3 

density difference of the working fluid between the riser 
tube and the downer tube, results in the outlet pressure 
of the working fluid in the DHE being higher than the inlet 
pressure, thereby enhancing the work capacity of the 
turbine. 

3. RESULTS AND DISCUSSION 
The effects of four key parameters (DHE inlet 

pressure, DHE length, geothermal water temperature, 
and geothermal water mass flow rate) on the system’s 
net power output has been investigated and discussed, 
as follows. 

3.1 Effects of the DHE inlet pressure 

Figure 2 presents the effects of working fluid mass 
flow rate and DHE inlet pressure on the net power output 
of the IPEPC. As can be seen from the figure: under the 
condition of constant inlet pressure, the net power 
output increases and then decreases with the increase of 
mass flow rate, and the optimal mass flow rate is 
basically not affected by the inlet pressure, stabilizing at 
approximately 9 kg/s; when the mass flow rate is 
constant, the net power output increases significantly as 
the inlet pressure decreases, and when the inlet pressure 
is 3.7 MPa, the net power reaches a maximum value of 
45.11 kW. The results show that although reducing the 
DHE inlet pressure leads to a simultaneous decrease in 
its outlet temperature and pressure, which in turn causes 
a reduction in power output, the effect of lowering pump 
power consumption is more significant and ultimately 
the result is an increase in the net power output. 

3.2 Effects of the DHE length  

Figure 3 presents the effects of working fluid mass 
flow rate and DHE length on the net power output of the 
IPEPC. As can be seen from the figure: with the DHE 
length kept constant, the net power output first 
increases and then decreases as the mass flow rate 
increases. Among them, the optimal mass flow rate 
increases with the increase in DHE length. When the DHE 
length is 300 meters, the optimal mass flow rate is 9 kg/s, 
and the maximum net power output is 45.11 kW. When 
the DHE length is 600 meters, the optimal mass flow rate 
is 10.5 kg/s, and the maximum net power output is 49.16 
kW. The results indicate that when the working fluid 
mass flow rate is low (ranging from 3 to 6 kg/s), although 
using a longer DHE can increase the heat absorbed from 
high-temperature geothermal water, the pressure loss 
and temperature loss of the working fluid during its flow 
in the DHE inner pipe increase accordingly and ultimately 
using a shorter DHE length results in a better net power 
output. When the working fluid mass flow rate is high 
(ranging from 6 to 12 kg/s), using a longer DHE can 
increase the heat exchange area, and ensure the working 
fluid absorbs more heat from the high-temperature 
geothermal water. This significantly increases the 
pressure and temperature of the working fluid at the 
DHE outlet, leading to a higher net power output when 
the DHE length is longer. 

3.3 Effects of the geothermal water temperature 
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Fig. 2 The effects of DHE inlet pressures (pin) and mass flowrates 

(mm) on net power output (Wnet)  
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Fig. 3 The effects of DHE lengths (l) and mass flowrates (mm) on 

net power output (Wnet)   
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Figure 4 presents the effects of working fluid mass 
flow rate and geothermal water temperature on the net 

power output of the IPEPC. As can be seen from the 
figure: with the geothermal water temperature kept 
constant, the net power output shows a trend of 
increasing and then decreasing as the mass flow rate 
increases, among which the optimal mass flow rate is 
basically around 9 kg/s. When the mass flow rate is 
constant, the net power output increases significantly as 
the geothermal water temperature rises. Specifically, 
when the geothermal water temperature is 130°C and 
the working fluid mass flow rate is 9.5 kg/s, the net 
power output reaches the maximum value of 111.7 kW. 
The results indicate that as the geothermal water 
temperature increases, the optimal working fluid mass 
flow rate remains constant, while the system's net power 
output increases significantly. 

3.4 Effects of the geothermal water mass flowrate 

Figure 5 presents the effects of working fluid mass 
flow rate and geothermal water mass flow rate on the 
net power output of the IPEPC. When the working fluid 
mass flow rate is kept constant, the net power output 
increases continuously with the rise of geothermal water 
mass flow rate. When the geothermal water mass flow 
rate is fixed, the net power output shows an increasing 
and then decreasing characteristic with the increase of 
working fluid mass flow rate.Notably, the optimal 
working fluid mass flow rate increases with the increase 
of geothermal water mass flow rate. When the 

geothermal water mass flow rate is 3.6 kg/s, the optimal 
working fluid mass flow rate is 9 kg/s, corresponding to a 
maximum net power output of 45.11 kW. When the 
geothermal water mass flow rate rises to 10 kg/s, the 
optimal working fluid mass flow rate increases to 18 kg/s, 
and the maximum net power output rises to 97.44 
kW.The results indicate that the geothermal water mass 
flow rate changes the heat source supply capacity, and 
its increase leads to a rise in the optimal working fluid 
mass flow rate, thereby achieving the maximum net 
power output under the corresponding operating 
condition. 

4. CONCLUSIONS 
In this study, thermal performance of an increasing-

pressure endothermic power cycle with a downhole heat 
exchanger has been numerically studied. With the net 
power output as the core objective, the matching 
relationships among the four key parameters (DHE inlet 
pressure, DHE length, geothermal water temperature, 
and geothermal water mass flow rate) and the working 
fluid flow rate. Main conclusions are drawn as follows: 

(1) Reducing the DHE inlet pressure can increase the 
system net power output due to the decrease of pump 
power consumption. 

(2) When the working fluid mass flow rate is low 
(ranging from 3 to 6 kg/s), shorter DHE length can 
improve the system’s net power output. When the 
working fluid mass flow rate is high (ranging from 6 to 12 
kg/s), extending the DHE length can effectively enhance 
the system’s net power output. 
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Fig. 4 The effects of geothermal water temperatures (tw) and 

mass flowrates (mm) on net power output (Wnet)  
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Fig. 5 The effects of geothermal water flowrates (mw) and 

working fluid mass Flowrates (mm) on net power output (Wnet)  
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(3) When the geothermal water mass flow rate is 
constant, as the geothermal water temperature 
increases, the optimal working fluid mass flow rate is 
constant, meanwhile, the maximum net power output of 
the system shows a significant upward trend.  

(4) As the geothermal water mass flow rate 
increases, the optimal working fluid mass flow rate of the 
system increases synchronously, and the net power 
output under this matched operating condition also 
shows an obvious upward trend. 
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