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Keywords   Abstract 
The effectiveness of hydraulic fracturing fluid injection is influenced by 

numerous factors, including pre-existing discontinuities such as discrete 

fracture networks (DFNs). Among the geometric characteristics of DFNs, 

fracture density is a critical factor. In deep reservoirs, which often consist of 

hot dry rock (HDR), thermal conduction through the rock and fluid, as well 

as advection and convective heat transfer within the fluid, can significantly 

impact fluid–rock interactions. This study examines the influence of DFN 

density on hydraulic fracture (HF) propagation in HDR, with a particular 

focus on the thermo-hydro-mechanical (THM) behavior of HDR using the 

combined finite-discrete element method (FDEM). Key controlling factors, 

such as flow rate, fluid kinematic viscosity, in-situ stress magnitude, pre-

existing fracture aperture, and working fluid temperature, are analyzed. The findings highlight the significant role 

of DFN density in determining the pattern and extent of HF propagation under varying conditions. Additionally, 

the interaction between the working fluid and DFNs is shown to vary considerably with changes in these 

controlling factors. However, the study reveals that variations in DFN density or the values of the controlling 

factors have minimal impact on the temperature field. This is attributed to the rapid heat exchange between the 

cold fluid and the HDR, which quickly raises the fluid temperature, resulting in negligible temperature variations. 
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I.  INTRODUCTION  

The production of conventional energy 
resources, such as fossil fuels, is increasingly scarce 
as the global economy develops. This trend poses 
significant challenges, creating a growing demand 
for alternative energy sources. Renewable energy, 
in particular, is essential for achieving energy 
conservation, carbon neutrality, and emission 
reduction goals. Among renewable energy options, 
geothermal energy stands out as a remarkable clean 
energy source due to its abundant reserves and 
widespread distribution [1]. 

Geothermal energy is a renewable resource with 
an average capacity factor—the ratio of actual 
energy output to maximum potential output—of 
approximately 74.5% [1]. With advanced 
technologies, the capacity factor of geothermal 
reservoirs in ideal locations can reach up to 90% 
[2], making them suitable for baseload power 
generation. Theoretical calculations estimate that 
the energy stored in the Earth's upper 10-kilometer 

layer is around 1.3 × 10^27 J [3]. Given the global 
energy consumption in 2018 was approximately 6.0 
× 10^20 J/year [4], geothermal resources could 
potentially meet global energy needs for about 217 
million years. Geothermal resources are categorized 
into two types: conventional hydrothermal systems 
and enhanced geothermal systems (EGSs). EGSs, 
unlike traditional systems, access greater heat by 
creating fractures in hot dry rocks (HDRs) and 
injecting fluid into these pathways. The 
development of EGSs involves several stages: (1) 
exploration and evaluation, (2) drilling injection and 
production wells, (3) creating the energy system, (4) 
cycling fluid injection and production for heat 
recovery, (5) operating power extraction systems, 
and (6) maintaining the reservoir [1]. While EGS 
development is similar to conventional geothermal 
systems, it incurs higher costs. However, efficient 
EGS utilization reduces fossil fuel dependency and 
enhances energy independence. 

To improve permeability in typically 
impermeable and waterless HDRs, artificial fluid 
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pathways are essential. Hydraulic fracturing, a 
technique developed in 1949 [5] and first 
commercially applied in 1950 [6], is widely used to 
create fractures by injecting high-pressure fluid into 
HDRs. This method has been extensively employed 
for gas extraction, hot water recovery, and thermal 
resource storage [7]. It also finds applications in 
mining and civil engineering, such as stress relief, 
excavation expansion, and rock burst prevention 
[8]. 

Hydraulic fracturing is a complex process 
influenced by numerous factors, particularly the 
geological characteristics of the reservoir. In 
homogeneous rock without discontinuities, 
hydraulic fractures (HFs) typically propagate 
perpendicular to the least principal stress direction 
[9]. However, natural rock masses often contain 
anisotropic features like bedding planes, joints, 
cracks, and faults, which complicate fracture 
behavior. These features degrade rock properties 
and significantly influence fracture propagation 
[10]. Interactions between HFs and preexisting 
discontinuities can result in branching, offset 
crossing, and non-planar fracture growth, as 
observed in field and laboratory studies [11]. These 
interactions have been studied using analytical 
methods, experiments, artificial neural networks, 
and numerical simulations [12]. The interaction type 
depends on factors like fracture shear strength, in-
situ stress, injection rate, and discontinuity 
orientation [13]. 

Temperature also plays a critical role in 
hydraulic fracturing. While most studies focus on 
room-temperature conditions, EGSs often involve 
rocks exceeding 200 °C. High temperatures alter 
rock properties, reducing tensile and compressive 
strength and elastic modulus [14]. The temperature 
difference between the working fluid and HDRs 
creates thermo-hydro-mechanical coupling, leading 
to thermal cracking [15]. Heat exchange between 
the fluid and rock must be considered to avoid 
unrealistic simulations [16]. 

Numerical modeling is widely used to study HF 
propagation due to its ability to simulate complex 
mechanisms. Techniques like the finite element 
method (FEM), cohesive zone model (CZM), 
extended finite element method (XFEM), 
displacement discontinuity method (DDM), and 
discrete element method (DEM) each have strengths 
and limitations. For instance, FEM struggles with 
discontinuities, while DEM is computationally 
intensive for large-scale models [17]. The combined 
finite-discrete element method (FDEM), developed 
by Munjiza [18], integrates FEM and DEM 
strengths, enabling simulation of fluid flow and 
crack propagation in complex geological settings 
[19]. 

This study employs FDEM to investigate the 
interaction between discrete fracture networks 
(DFNs) and HFs in high-temperature, deep rock 
environments. It focuses on the impact of DFN 

density on HF propagation, examining low and high 
DFN densities under varying in-situ stresses, 
injection rates, fluid temperatures, and viscosities. 
Simulations of rock domains with varying DFN 
densities are conducted, and the effects of key 
parameters are analyzed. The findings provide 
insights for optimizing hydraulic fracturing in deep 
HDRs. 

II. SIMULATION METHODOLOGY  

The Finite-Discrete Element Method (FDEM) is 
utilized to simulate the initiation and propagation of 
hydraulic fractures (HF) and their interaction with 
discrete fracture networks (DFNs) in deep rock 
formations. The simulations incorporate coupled 
thermo-hydro-mechanical (THM) analysis to 
accurately model the injection of fluid into the rock. 
All 2D models are designed with dimensions of 50 
m × 50 m and consist of approximately 35,000 
elements. To streamline the analysis, the fluid 
injection borehole is represented by an injection 
point located at a mesh node at the center of the 
model. This approach not only reduces 
computational time but also has minimal impact on 
the propagation of hydraulic fractures, as a small 
borehole in a large model area generates negligible 
stress distribution and exerts no significant 
influence on the surrounding medium. 

The simulations begin with a mechanical 
analysis to establish the in-situ stress distribution 
within the model under a predefined stress regime. 
Once the in-situ stresses are fully distributed and 
reach equilibrium, the model transitions to thermo-
mechanical coupling, allowing the rock to heat up to 
200 degrees Celsius. Subsequently, the THM 
coupling is fully activated to enable fluid injection 
into the injection grid. The mechanical properties of 
the rock matrix and fluid are detailed in Table 1, 
while the parameters assigned to the microcracks in 
the DFN are provided in Table 2. It is important to 
note that the rock is assumed to be impermeable, 
with no fluid leak-off considered in the simulations. 

The initial conditions are defined as follows: the 
rock has an initial temperature of 200 °C, the 
injection fluid starts at 20 °C, and the in-situ 
stresses are initially isotropic, set at 7 MPa in both 
directions. The primary goal of the study is to 
explore the impact of DFN density on the 
development pattern of hydraulic fractures (HF) and 
to analyze the controlling factors, such as injection 
flow rate, fluid viscosity, DFN aperture, and the 
magnitude and direction of in-situ stresses, on 
fracture propagation behavior. Three models with 
varying fracture densities are examined: 0.02, 0.06, 
and 0.1 mean fractures per square meter (m/m²), 
each with a standard deviation of 1×10⁻⁵ m/m², as 
illustrated in Fig. 1 and are derived from our 
previous study in [20]. 
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TABLE I.  MECHANICAL PROPERTIES OF THE ROCK AND FLUID   

Parameter Unit Value 

Rock properties   

Density, ρ  kg/m3 2550 

Young's modulus, E  GPa 50 

Poisson's ratio, υ  0.22 

Cohesion, c  MPa 22 

 tfe strength, Tensil MPa 7 

 IcGMode I Fracture energy,  N/m 120 

 fPFracture penalty,  GPa 10×E 

 nPNormal penalty,  GPa.m 10×E 

 tPTangential penalty,  GPa/m 10×E 

Fluid properties   

 fρFluid density,  3kg/m 1000 

Kinematic viscosity, μ  /s2m 1e-6 

 fKk modulus, Fluid bul GPa 0.05 

Initial saturation degree  1 

Specific heat capacity, Cp J/kg°C 4190 

Thermal conductivity, K  W/m°C 0.6 

Thermal properties of rock   

Specific heat capacity  CoJ/kg 850 

Thermal conductivity  CoW/m 2.5 

Linear thermal expansion 

coefficient  

Co1/ 1e-3 

 

TABLE II.  DFN PARAMETERS  

Parameter Unit Value 

Fracture penalties, Pf  GPa 10×E 

Normal contact penalties, 

Pn  

GPa·m 10×E 

Tangential contact 

penalties, Pt  

GPa/m 10×E 

Friction coefficient, fr  0.5 

Initial aperture, ai  mm 0.1 

Residual aperture, ar  mm 0.1 

Threshold aperture, at  mm 0.1 
 

 

Fig. 1. Geometry of the models with DFN sets and direction of the maximum and minimum stresses.
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III. RESULTS AND DISCUSSIONS 

This section evaluates the influence of fluid 
injection rates on the development patterns of 
hydraulic fractures (HF). The models assume an 
isotropic in-situ stress condition with a magnitude 
of 7 MPa in both directions. The injection flow rates 
are varied from 1 to 2 kg/s, while maintaining a 
constant fluid kinematic viscosity of 1×10⁻⁶ m²/s. 
Figure 2 displays the fluid pressure contours and the 
development of hydraulically driven fractures in the 
three models under the two flow rates. 

When the density of the discrete fracture 
networks (DFNs) is low and pre-existing fractures 
are sparsely distributed, the HF development 
patterns are relatively similar under both injection 
rates, except for the longer fracture propagation 
observed at the higher flow rate. As the DFN 
density increases to 0.06 m/m², at an injection rate 
of 1 kg/s, the working fluid generates several 
hydraulic fractures. Due to the higher density of 
DFNs near the injection point, fluid pressure 
accumulates in a narrow zone around the injection 
point, leading to the formation of additional 

fractures. These densely clustered HFs interact with 
pre-existing fractures, creating pathways for fluid 
diffusion. The fluid then propagates into the DFNs, 
dilating them and forming more extensive pathways 
for further fluid movement. At the higher flow rate 
of 2 kg/s, the accumulation of HFs near the 
injection point becomes more pronounced due to 
the rapid interaction between the high-pressure fluid 
and the surrounding DFNs, resulting in quicker 
fracture generation. 

In models with very high DFN densities (0.1 
m/m²), the formation of fluid-driven fractures is 
significantly more intense, particularly under the 
higher flow rate. The generation of numerous HFs 
causes severe rock fragmentation around the 
injection point, leading to fluid accumulation in this 
zone and restricting long-distance fluid flow. 
Interestingly, the length of HF propagation is 
greater in models with a DFN density of 0.06 m/m² 
compared to those with 0.1 m/m². This is because 
the highly fractured ground in the latter case 
impedes fluid flow, preventing it from extending as 
far as in less densely fractured rock. 

   
   

   
Fracture density 0.02 Fracture density 0.06 Fracture density 0.1 

Fig. 9 Development of HFs in the models with different DFN densities under various flow rates 

 

2 kg/s 

1 kg/s 1 kg/s 1 kg/s 

2 kg/s 2 kg/s 

 

Fig. 2. Development of hydraulic fractures in the models with different DFN densities under various flow rates 

Another factor examined is the fluid kinematic 
viscosity. In this section, the flow rate is held 
constant at 1 kg/s, while the fluid kinematic 
viscosity is increased from 1 mm²/s to 2 mm²/s. 
Figure 3 illustrates the hydraulic fracture (HF) 
patterns developed in models with varying DFN 
densities. In models with lower DFN densities, 
increasing the fluid kinematic viscosity results in 
more branching of HFs from the newly formed 
fractures near the injection point, although the 

overall length of the fractures is shorter under 
higher viscosity conditions. 

In models with higher DFN densities, the highly 
viscous fluid causes excessive fracturing around the 
injection point, resulting in numerous short 
hydraulic fractures (HFs). The increased viscosity 
leads to higher fluid pressure buildup in the nearby 
DFNs, causing them to dilate. However, due to the 
fluid's reduced mobility, it cannot easily diffuse into 
DFNs located farther away. As a result, the length 
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of the HFs is shorter compared to models with 
lower fluid viscosity. 

 

 

 

   
   

   
Fracture density 0.02 Fracture density 0.06 Fracture density 0.1 

Fig. 11 Development of HFs in the models with different DFN densities under various fluid kinematic viscosities 

 

2 mm2/s 

1 mm2/s 1 mm2/s 
1 mm2/s 

2 mm2/s 2 mm2/s 

 

Fig. 3. HFs in the models with different DFN densities under various fluid kinematic viscosities 

Fig. 4.  

 
Another critical parameter in successful 

hydraulic fracturing operations is the magnitude and 
orientation of in-situ stresses. To explore this 
further, three in-situ stress regimes are examined: 
(1) isotropic stresses of 7 MPa, (2) anisotropic 
stresses with σH = 14 MPa and σh = 7 MPa, and (3) 
anisotropic stresses with σH = 25 MPa and σh = 10 
MPa. The results are illustrated in Fig. 4. 

Under isotropic in-situ stress conditions, there is 
no directional preference, and hydraulic fractures 
(HFs) develop uniformly in all directions, with 
similar numbers and lengths of fractures. In 
contrast, under anisotropic stress conditions, models 
with low DFN density show a clear directional 
preference for HF propagation, aligning with the 
orientation of the maximum principal stress. As the 
difference between the magnitudes of the in-situ 
stresses increases, fewer HFs are generated in these 
rocks, and the rock matrix becomes the primary 
pathway for fracture propagation, with DFNs 
playing a diminished role in influencing HF 
development patterns. 

In models with high DFN density, the influence 
of in-situ stress magnitude becomes less 

pronounced. For instance, a 7 MPa difference in in-
situ stresses has minimal impact on the propagation 
direction of HFs in densely fractured rocks. 
However, when the stress difference increases to 15 
MPa, a directional tendency becomes more apparent 
in rocks with a DFN density of 0.06 m/m², though 
many HFs still develop in other directions. In 
models with a very high DFN density (0.1 m/m²), 
the behavior is predominantly controlled by the 
DFNs rather than the in-situ stress magnitude. The 
dense distribution of DFNs leads to frequent 
interactions between the fractures and the fluid, 
causing the DFNs to dilate and create favorable 
pathways for fluid flow. As a result, HFs develop in 
multiple directions, regardless of the high 
heterogeneity in in-situ stresses. 

It is also observed that as the difference between 
the magnitudes of the in-situ stresses increases, 
crossing of fractures becomes more frequent in the 
direction of σH (maximum principal stress), while 
arresting, activation, and dilation are the dominant 
interaction types in other directions. 
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Fracture density 0.02 Fracture density 0.06 Fracture density 0.1 

Fig. 11 Development of HFs in the models with different DFN densities under different in-situ stress regimes 

 

 

σH= 7MPa, σh= 7MPa,  

  

σH= 7MPa, σh= 7MPa,  

  

σH= 7MPa, σh= 7MPa,  

  

σH= 14MPa, σh= 7MPa,  

  

σH= 14MPa, σh= 7MPa,  

  

σH= 25MPa, σh= 10MPa,  

  

σH= 25MPa, σh= 10MPa,  

  

σH= 25MPa, σh= 10MPa,  

  

σH= 14MPa, σh= 7MPa,  

  

 

Fig. 5. Development of HFs in the models with different DFN densities under different in-situ stress regimes 

 

Another critical parameter to evaluate is the 
aperture of the discrete fractures. Among the 
physico-mechanical characteristics of the DFN, the 
opening of fractures (aperture) plays a significant 
role in shaping the fluid trajectory through pre-
existing discontinuities. This factor substantially 
influences the propagation behavior and 
performance of hydraulic fractures (HFs). In this 
section, the aperture of discrete fractures is 
increased from 0.01 mm to 0.02 mm, and the 
analysis results of HF propagation are presented in 
Fig. 5. 

In models with a low DFN density of 0.01 m/m² 
and a small fracture aperture, the HFs frequently 
interact with adjacent DFNs, often crossing them. 
Conversely, when the aperture is larger, the analysis 
reveals activation and offset interaction types, as the 
wider apertures act as broad pathways that allow 
fluid to flow more rapidly into the fractures, 
activating them. However, the length and number of 
HFs formed in models with high-aperture DFNs are 
comparable to those in models with low-aperture 
DFNs. 

As shown in the results, rocks with a 0.01 mm 
aperture exhibit high fluid pressure development 
over a larger area (indicated by red and yellow 
contours) around the injection point. However, this 
pressure buildup is confined to a short distance from 
the injection point (shown by blue contours). This 
pattern reverses as the DFN aperture increases. 
With larger apertures, the area experiencing intense 
fluid pressure decreases, while the region affected 
by fluid flow expands significantly, as evidenced by 
the blue contours of fluid pressure extending across 
the entire DFN domain in models with a 0.5 mm 
aperture. 

This occurs because, with smaller apertures, 
fluid can only flow a short distance, leading to 
significant pressure buildup within the DFNs. The 
flow is then restricted due to the narrow channels. 
In contrast, larger apertures allow fluid to flow more 
freely through the DFNs over greater distances, 
reducing pressure buildup near the injection point. 
Overall, in models with larger apertures, the 
dominant interaction types between pre-existing 
DFNs and newly formed HFs are dilation and 
activation. In contrast, crossing and arresting are the 
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primary interaction types observed in models with smaller apertures. 

   

   
Fracture density 0.02 Fracture density 0.06 Fracture density 0.1 

Fig. 14 Development of HFs in the models with different DFN densities with different fluid temperatures 

 

T= 20 ᵒC 

  

T= 20 ᵒC 

  

T= 20 ᵒC 

  

T= 10 ᵒC 

  

T= 10 ᵒC 

  

T= 10 ᵒC 

  
 

Fig. 6. Development of HFs in the models with different DFN densities with different fluid temperatures 

 

It is important to examine the variation in fluid 
pressure at the injection point to evaluate the 
influence of the aforementioned parameters on the 
breakdown pressure. Under the effect of flow rate, 
there is a noticeable difference in breakdown 
pressures. Specifically, the breakdown pressure 
increases with higher flow rates and rises 
significantly in models with higher DFN densities 
(Fig. 6a). A similar trend is observed when 
examining the impact of fluid kinematic viscosity 
and in-situ stresses, as shown in Fig. 6b-c. The 
greater the stress difference, the higher the 
breakdown pressure becomes. However, changes in 
DFN aperture and fluid injection temperature do not 
significantly affect the breakdown pressure, which 
remains nearly constant across all conditions in all 
models. 

That said, the density of DFNs plays a dominant 
role in influencing fluid pressure after the 
breakdown pressure is reached. Interestingly, unlike 
the trends observed in Fig. 6a-c, the fluid pressure 
in models with lower DFN apertures or higher fluid 
temperatures increases when the DFN density is 
high (Fig. 6d-e). This occurs because, under 
conditions of smaller apertures or higher fluid 
temperatures, the working fluid tends to remain 
concentrated in a relatively small area around the 
injection point, leading to a rise in fluid pressure. 
Additionally, these conditions promote more 
interactions between the fluid and nearby DFNs, 
resulting in less fluid loss. 
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Fig. 16 Variations of fluid pressure at the injection point under different (a) flow rates, (b) fluid kinematic viscosities, (c) in-situ 

stresses, (d) DFN apertures, and (e) fluid temperatures  
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Fig. 7. Changes in fluid pressure at the injection point under varying (a) flow rates, (b) fluid kinematic viscosities, (c) in-situ stresses, (d) 

DFN apertures, and (e) fluid temperatures. 

IV. CONCLUSION  
This study presents the results of hydraulic 

fracture (HF) development simulations in hot, 
fractured rock formations using the combined finite-
discrete element method (FDEM). The primary 
objective is to evaluate the influence of discrete 
fracture network (DFN) density under varying 
conditions, including flow rate, fluid kinematic 
viscosity, in-situ stresses, DFN aperture, and 
working fluid temperature. The DFN density is 
varied from 0.02 to 0.06 and 0.1 m/m², and the 
controlling parameters are adjusted to draw the 
following conclusions: 

DFN Density Impact: The results highlight the 
significant influence of DFN density on fluid 
injection patterns. In low-density DFNs, pre-
existing fractures have minimal impact on HF 
development. However, in high-density DFNs, 
fractures significantly affect HF extension, leading 
to higher fluid pressure buildup. 

Flow Rate Effects: Increasing the flow rate 
causes severe fracturing near the injection point in 
high-density DFNs. The dense fractures act as 
barriers, rapidly increasing fluid pressure. 

Additionally, the interaction type shifts from 
activation and offset to crossing, promoting the 
development of more HFs over longer distances. 

High-Density DFNs and Fluid Parameters: In 
reservoirs with high-density DFNs, HF 
development is primarily controlled by the DFNs 
rather than fluid properties. High-viscosity fluids 
fracture the surrounding rock matrix, generating 
excessive HFs in a confined area, which results in 
fluid loss and shorter HFs. 

In-Situ Stress Influence: The magnitude of in-
situ stresses dictates the direction and extent of HFs. 
Low-density DFNs have little control over HF 
propagation, whereas high-density DFNs strongly 
influence HF direction, causing fractures to develop 
in all directions regardless of in-situ stress 
anisotropy. 

DFN Aperture Effects: Increasing the DFN 
aperture leads to higher fluid pressure in low-
density DFNs but lower pressure in high-density 
DFNs. This behavior is due to wider and denser 
fluid pathways that facilitate easier fluid flow, 
reducing pressure buildup. In high-density DFNs, 
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larger apertures enable fluid to diffuse, activate, and 
dilate fractures, resulting in offset fractures and 
shorter hydraulic fractures (HFs). In contrast, 
smaller apertures in dense DFNs resist dilation and 
activation, allowing fluid to cross and interact with 
adjacent fractures, which results in longer HFs. 

Fluid Temperature Impact: Changes in working 
fluid temperature have minimal influence on HF 
patterns and extension. However, they induce a 
unique fluid-fracture interaction known as shrinkage 
thermal cracking, which occurs between a 
continuous HF and a parallel pre-existing fracture. 
Rapid heat exchange between these fractures and 
the surrounding hot rock generates numerous short 
HFs. 

These findings offer valuable insights into the 
intricate relationships between hydraulic fractures 
and discrete fracture networks under diverse 
geological and operational conditions. This study is 
pure numerical simulation with no practical data 
because of lack of access to any operating 
geothermal site. While we appreciate this limitation 
and the limitations imposed by the utilized method, 
this study can be considered a starter for further 
studies backed by actual data. To achieve more 
precise outcomes, sensitivity analysis needs to be 
conducted; however, a sensitivity analysis demands 
massive computations which is not within the scope 
of this study and can be a topic for future research. 
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یکیدرول یه یشبکه شکست گسسته بر شکستگ  یچگال ری تأث   
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اثرگذاری تزریق سیال شکست هیدرولیکی تحت تأثیر عوامل متعددی قرار دارد، از جمله ناپیوستگیهای اولیه    چکیده 

گسستگی گسسته  مانند شبکه ویژگی.های  میان  هندسیدر  عامل حیاتی  DFN  های  تراکم شکستگی یک   ،

اند، انتقال حرارت  تشکیل شده (HDR)   های خشک داغشود. در مخازن عمیق که اغلب از سنگمحسوب می

تواند تأثیر قابل توجهی  جایی و انتقال حرارت جابجایی درون سیال میاز طریق سنگ و سیال، و همچنین جابه

 بر گسترش شکست هیدرولیکی DFN   سنگ داشته باشد. این مطالعه به بررسی تأثیر تراکم -بر واکنش سیال

(HF) در   HDR  مکانیکی-هیدرو-پردازد، با تمرکز ویژه بر رفتار ترمومی  (THM) HDR      با استفاده از روش

محدود المان  کنترل (FDEM)گسسته-ترکیبی  عوامل  ویسکوزیته  ،  جریان،  دبی  مانند  کلیدی  کننده 

اند.  سینماتیکی سیال، بزرگی تنش برجا، بازشدگی اولیه شکستگی اولیه و دمای سیال مورد تحلیل قرار گرفته

تحت شرایط مختلف برجسته   HF   را در تعیین الگو و گستردگی انتشار DFN   ها نقش قابل توجه تراکمیافته

ومی سیال  بین  تعامل  که  است  شده  داده  نشان  این،  بر  علاوه  عوامل     DFNs  کنند.  این  در  تغییر  با 

میکنترل نشان  مطالعه  این حال،  با  است.  متفاوت  توجهی  قابل  میزان  به  تراکم کننده،  در  تغییرات  که    دهد 

DFN کننده تأثیر ناچیزی بر میدان دما دارند. این امر به دلیل تبادل سریع حرارت بین  یا مقادیر عوامل کنترل

دهد و در نتیجه تغییرات دما ناچیز خواهد  است که به سرعت دمای سیال را افزایش می HDR   سیال سرد و

 .بود

 واژگان کلیدی 
 عوامل کنترل کننده،  FDEM ، ( HFشکستگی هیدرولیک شبکه گسسته )، ( HDRسنگ خشک داغ ) 
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