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Energy Conservation Equation
• In a control volume, the accumulation rate of energy equals the external source rate of energy minus the transport 

(outflow by convection and diffusion) rate of energy through the neighboring control surfaces

•
𝜕 ρ𝐶𝜓

𝜕𝑡
+ ∇ ∙ 𝐶𝜓𝜌𝑢 = ∇ ∙ 𝐷∇𝐶𝜓 + 𝑆𝜓

• If 𝜓 is energy (e),

✓
𝜕 ρeformation

𝜕𝑡
+ ∇ ∙ eflowing fluid𝜌𝑣 = ∇ ∙ K∇T + 𝑆𝑒

✓ T is the temperature
▪ Conduction is driven by temperature difference
▪ The temperature of the rock and the fluid at a grid cell is assumed to be same

✓ ρ𝑒formation = (1 − 𝜙)ρrockSHCrockT + 𝜙ufluid = (1 − 𝜙)ρrockCrockT + 𝜙σ𝛽 S𝛽ρ𝛽𝑢𝛽
▪ 𝑢𝛽 is the specific internal energy in phase 𝛽

▪ SHCrock is the specific heat (비열) of the rock

✓ ∇ ∙ 𝑒flowing fluid𝜌𝑣 = ∇ ∙ σ𝛽 ℎ𝛽ρ𝛽𝑣𝛽

▪ h is  the specific enthalpy

▪ 𝑣 = −
𝑘𝑎𝑘𝑟,𝛽

𝜇𝛽
∇ 𝑃𝛽 + ρ𝛽𝑔∆𝑧

✓ K is the thermal conductivity of the formation
▪ K = (1 − 𝜙)Krock +𝜙Kfluid = (1 − 𝜙)Krock + 𝜙σ𝛽=1,2,3 S𝛽K𝛽

✓ The temperature at each grid cell is obtained by solving the energy conservation equationhoonyoung.jeong@snu.ac.kr
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